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CHAPTER 1
1. Abstract
Cardiovascular disease is one of the major causes of death in the developed world and 
high blood pressure is the major clinical risk factor in the development of 
cardiovascular disease. Futhermore, blood pressure is influenced by a number of 
factors and there is strong evidence of a link between sodium and potassium and the 
risk of hypertension. However, research conducted in the Australian population 
assessing dietary intakes of these key nutrients using the gold standard method of 24
hr urinary collection is limited. In particular, there is minimal research into the main 
sodium and potassium food sources and dietary patterns associated with blood 
pressure, and these can vary considerably between countries.  
Accurate measurement of the dietary intake of sodium and potassium is important for 
populations and individuals to compare to targets and monitor any changes in intakes. 
In Study one (Chapter 4), dietary assessment of sodium, potassium and the sodium-to-
potassium molar ratio from two 24 hr dietary recalls was compared to a single 24 hr
urine collection. In 194 free-living Australian adults (135 females, 59 males; mean age 
57.2 (8.0) SD years) the mean daily sodium intake of the group assessed by dietary 
methodology (113.2 (45.5) mmol; males 142.1 (49.5) mmol; females 100.6 (37.4) 
mmol) was 13% lower (17% for males and 10% for females) than the mean daily 
urinary sodium excretion (129.4 (55.7) mmol; males 170.9 (53.0) mmol; females 111.2 
(46.4) mmol).  In contrast the mean daily potassium intake assessed by dietary 
methodology (89.2 (27.5) mmol; males 109.1 (28.2) mmol; females 80.6 (22.2) mmol) 
was 28% higher (28% for both males and females) than the mean daily urinary 
potassium excretion (69.8 (26.4) mmol; males 85.3 (24.8) mmol; females (63.1 (24.3) 
mmol). The dietary sodium-to-potassium molar ratio (1.33 (0.52); males 1.35 (0.50); 
females 132 (0.54)) was 33% lower (38% for males and 31% for females) than the 
urinary sodium-to-potassium molar ratio (1.98 (0.84); males 2.15 (0.80); females 1.91 
(0.85)). The magnitude of the difference between intake assessed using dietary 
assessment methodology and urinary excretion varied depending on the urinary tertile 
and gender and the level of agreement was poor at the individual level (95% limits of 
agreement ranging from -126 to 94 mmol for sodium to -32 to 71 mmol for potassium). 
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Thus despite significant correlations between intakes assessed by the two methods 
(r=0.42, P<0.001 for sodium and r=0.55, P<0.001 for potassium), dietary assessment 
methodology considerably underestimates dietary risk factors such as high sodium 
intake and low potassium intake. The proportion of participants classified into 
opposing tertiles using dietary and urinary assessment methods was 10% for sodium 
intake, 7% for potassium and 12% for the sodium-to-potassium molar ratio. The 
proportion of participants meeting recommended intake targets was higher when
dietary assessment methodology was used compared to 24 hr urinary excretion 
assessment. However, more than 70% of participants still had a sodium intake over the 
World Health Organization recommended level of 5 g salt (90 mmol sodium) per day,
when assessed by dietary methodology highlighting the prevalence of high sodium 
intakes. 
Whilst reducing dietary sodium and increasing dietary potassium are recommended as 
strategies to reduce blood pressure, little is known about the main food sources of 
sodium and potassium in the Australian population. The specific meals during which 
most of these nutrients are consumed have also not been explored.  The main food and 
meal time sources of sodium and potassium were assessed in Study two (Chapter 5) 
using 24 hr dietary recalls. Dietary data from 299 free-living Australian adults (141 
males, 158 females; mean age 54.6 (9.5) (SD) years) was available for analysis. Breads 
and cereals provided the majority (38%) of total daily sodium with bread contributing 
20%. This was followed by meat products and dishes which provided 19%, including 
8% from muscle meat (which included both fresh meat as well as ham and bacon).
Milk products and dishes provided 11% of total daily sodium, including 5% from 
cheese. Vegetable products and dishes contributed the most potassium (23%) with 
potatoes providing 9%. Breads and cereals provided 15% of total daily potassium
(bread providing 5%). Milk products and dishes also provided 15% of potassium with 
dairy milk contributing 9%. In terms of meal time sources, main meals provided 89% 
of the total daily sodium and 85% of the potassium. Lunch and dinner provided similar 
sodium proportions (34% and 38% respectively) but more energy was consumed at 
dinner (26% vs 40% respectively). Lunch had the highest sodium density of all meals 
(420 mg / MJ) due mainly to a high intake of bread. Reformulation of bread and other 
key processed food sources of sodium is required to assist in decreasing population 
sodium intake. 
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Investigating the effects on blood pressure of whole diets and patterns of food intake, 
rather than individual nutrients can contribute to the development of diet-based 
recommendations for health. The relationship between dietary patterns and daily home 
blood pressure measurement (mean of seven days) was assessed in Study three 
(Chapter 6).  Usual dietary patterns of participants were assessed using factor analysis 
of 24 hr dietary recall data. Dietary data were available for 251 adults with two 24 hr
recalls (112 males; 139 females; mean age 55.1 (9.1) (SD) years; mean BMI 29.5 (3.9) 
kg / m2). Three dietary patterns were identified and named the ‘Traditional Australian 
Diet’, the ‘Convenience Diet’ and the ‘Modern Diet’.  The ‘Traditional Australian 
Diet’ was characterised by a high consumption of fruit drinks, cordial and soft drinks, 
processed meat, fried potatoes, alcoholic beverages, meats, poultry and egg, sauces 
and dressings and fats and oils and cheese, and a low consumption of tea and coffee, 
canned fish and fish dishes and low-sodium breakfast cereals.  The ‘Modern Diet’ was 
characterised by a high consumption of high-sodium breakfast cereals, milk and 
yoghurt (regular fat), take-away foods, pasta and rice dishes, fruit juices, soy and 
flavoured milk and fruit, and a low consumption of snacks, cheese, vegetable dishes, 
vegemite and low-fibre bread. These two dietary patterns were not associated with 
blood pressure. The ‘Convenience Diet’ was characterised by high consumption of 
low-fibre bread, cereals and legumes, meat, poultry and egg dishes, mixed cereal 
dishes, seeds and nuts and low consumption of milk and yoghurt (low-fat), vegetable 
juice, vegetables and high-fibre bread. The ‘Convenience Diet’ was positively 
assRFLDWHGZLWK KRPH V\VWROLF EORRG SUHVVXUH ȕ    &,   DIWHU
adjusting for age, sex, BMI, anti-hypertensive medication, smoking, education, 
physical activity and energy intake. The ‘Convenience Diet’ was positively associated 
with intakes of energy (P=0.002) and sodium (P=0.005) and inversely associated with 
potassium intake (P=0.002) which remained after adjustment for energy (P<0.001). 
Males scored more highly for the ‘Convenience Diet’ as did those who were younger.
In summary, the research conducted in this thesis provides further evidence that 24 hr
urinary excretion is required to adequately characterise dietary sodium and potassium 
intake. Dietary assessment over two days underestimates actual sodium intake and is 
also unable to classify a significant proportion of the population (10%) as either high 
or low consumers of sodium.  Dietary assessment of potassium intake using two days 
of 24 hr recall data overestimates actual potassium intake but can be used for correctly 
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classifying over 90% of the population as having high or low intakes.  Although 
accurate levels of sodium and potassium intake cannot be assessed from two days of 
dietary intake, dietary assessment provides valuable information that allows 
identification of key food sources and the meal time distribution of sodium and 
potassium. Additional information that dietary assessment provided, through 
identification of the major dietary patterns using factor analysis, confirmed that 
consumption of a ‘Convenience Diet’ pattern was associated with higher blood 
pressure.  This diet, which was consumed more commonly by the younger males in 
this study, was characterised by higher intakes of low-fibre bread and mixed dishes 
and was low in low-fat dairy and vegetables.   
The results from these studies indicate that effective strategies to decrease the sodium 
intake in this group would be:
a) a reduction in the salt content of processed foods, particularly bread;
b) meal specific education focussing on choosing lower sodium foods at main 
meals, in particular lunch;
c) incorporating more fruits, vegetables and other high potassium foods as mid-
meal snacks.
Overall a combined effort from food industry to lower the sodium content of foods, 
public health education focussing on increasing the awareness of the sources of dietary 
sodium as well as promoting food sources of potassium is required to assist in 
population blood pressure reduction.
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CHAPTER 2
2. Literature Review
2.1 Hypertension and the relationship with disease risk
2.1.1 Definition of hypertension 
According to the 2013 European Society of Hypertension (ESH) / European Society 
of Cardiology (ESC) guidelines, hypertension is defined as having either a systolic 
EORRGSUHVVXUH6%3 140 PP+JRUDGLDVWROLFEORRGSUHVVXUH'%3PP+J
or receiving medication for high blood pressure (BP) (Mancia, Fagard et al. 2013). It 
is acknowledged that using cut-offs is problematic as the relationship between blood 
pressure and negative outcomes such as cardiovascular events is actually continuous.  
However these cut-offs, as shown in Table 2.1, are used universally. Classification is 
based on the mean of at least two standardised seated measurements on at least two 
occasions (Chobanian, Bakris et al. 2003).
Table 2.1 Classification of blood pressure levels in adults (2013 European Society of 
Hypertension (ESH) / European Society of Cardiology (ESC) guidelines)
Category*
SBP
(mm Hg)
DBP
(mm Hg)
Optimal <120 and <80
Normal <130 and/or <85
High-normal 130-139 and/or 85-89
Grade 1 (mild) hypertension 140-159 and/or 90-99
Grade 2 (moderate) hypertension 160-179 and/or 100-109
Grade 3 (severe) hypertension  and/or 
Isolated systolic hypertension  and <90
* When systolic and diastolic BP levels fall into different categories, the higher diagnostic category is 
used.
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2.1.2 Incidence of high blood pressure
Nearly half of all adults globally have hypertension and many more have higher than 
optimal blood pressure (World Health Organization 2012). According to recent results 
from the 2011-2013 Australian Bureau of Statistics Australian Health Survey 
(Australian Bureau of Statistics 2012) approximately 3.1 million Australians (21.5%) 
DJHG\HDUVDQGRYHUKDGPHDVXUHG6%3 140 PP+JRU'%3 90 mmHg. More 
men had measured high blood pressure than women (23.6% vs 19.5% respectively) 
and the overall incidence increased with age (~6% of 18-24 year olds and 42% in those 
over 65 years). As the survey did not take into account antihypertensive medication 
use, it is likely to be a significant underestimation of the true incidence of hypertension 
in Australia, as many Australians use antihypertensive medication (Australian Bureau 
of Statistics 2013).  The 1999-2000 Australian Diabetes, Obesity and Lifestyle Study 
(AusDiab) which is considered the most recent national data, reported 3.7 million 
Australian aged 25 or over had high blood pressure or were on medication for high 
blood pressure. This study also found approximately 40% of participants aged 25 to 
60 years had high-normal blood pressure (Dunstan, Zimmet et al. 2002).
Hypertension was the most commonly managed problem by Australian General 
Practitioners (GPs) in 2008-2009, accounting for approximately 10% of all GP visits 
(Britt, Miller et al. 2009). The financial burden of such a prevalent problem is 
significant and cardiovascular disease (CVD) is considered the most expensive disease 
group in Australia. In 2004-2005, the direct health-care expenditure cost of CVD was 
$5.94 billion, or 11% of the overall recurrent health system expenditure (AIHW 2008).
Despite significant advances in antihypertensive drug therapy, there has been an 
increase in the number of people with uncontrolled hypertension which is being 
blamed on poor adherence to recommended lifestyle changes (including dietary 
change) (Chobanian 2009; Mancia, Fagard et al. 2013).
2.1.3 High blood pressure and disease risk 
Hypertension is the main risk factor in the development of CVD (Lewington, Clarke
et al. 2002) and the World Health Organization (WHO) lists CVD as the number one 
cause of death on a global scale and predictions are that it will remain the leading cause 
of death (World Health Organization 2011). There is a direct relationship between an 
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individual’s blood pressure level and the risk of a subsequent CVD event such as 
myocardial infarction or stroke, or kidney disease or heart failure.  The relationship 
between an individual’s blood pressure and their subsequent risk of a CVD event is 
both continuous and consistent and is also independent of other risk factors 
(Chobanian, Bakris et al. 2003). For those in the 40 to 70 year old age group, for every 
increase in usual blood pressure of 20 mmHg SBP or 10 mmHg DBP, there is a 
doubling of the risk of CVD and this applies even to those with a blood pressure of 
115 / 75 mmHg (Lewington, Clarke et al. 2002).  In 2008, the WHO estimated that 
17.3 million people died worldwide from CVD (including strokes and heart attacks) 
(World Health Organization 2011). This represents 31% of all deaths globally. Of 
these deaths, 7.3 million were from heart attacks and 6.2 million were due to stroke 
(World Health Organization 2011).  The story is not dissimilar in Australia with 
approximately 3.5 million Australians reported as having long-term CVD in 2007-
2008 (AIHW 2011). CVD is the disease group responsible for the majority of deaths 
in Australia and in 2008 approximately 50,000 deaths (34% of total) were attributable 
to CVD (AIHW 2011).  The WHO attributes 13% of global deaths directly to high 
blood pressure (World Health Organization 2011). So with high blood pressure being 
considered the number one cause of CVD and a major cause of kidney disease, the 
WHO has labelled hypertension as the number one cause of death in the developed 
world.
Reducing blood pressure in a person with high blood pressure has been shown to 
significantly reduce the risk of stroke or heart attack (Collins, Peto et al. 1990; Neal, 
MacMahon et al. 2000; Lewington, Clarke et al. 2002). The absolute risk of having a 
stroke or heart attack caused by blood pressure is lower in those with prehypertension 
compared to those with hypertension. However, because so many more Australian 
adults fall within the pre hypertensive blood pressure range, the total number of people 
at risk in this group is very high. Strokes and CVD events occur in a large number of 
people whose are not classified as having hypertension (Vasan, Larson et al. 2001;
World Health Organization 2002; Nowson, Morgan et al. 2003). In fact a greater 
proportion of these events occur in people with normal blood pressure compared to 
those with hypertension (World Health Organization 2002). Thus reducing the blood 
pressure of those within the normal and prehypertensive range would confer major 
health benefits to individuals and the population as a whole. At the population level, 
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only relatively small reductions in blood pressure are required to see large impacts in 
public health (Van Vliet and Campbell 2011). A fall in usual SBP of 2 mmHg, would 
lead to a decrease in mortality of 10% from stroke and 7% from IHD and other causes 
(Lewington, Clarke et al. 2002).
The mainstay of treatment for those individuals with prehypertension should be 
lifestyle modification as they are not considered candidates for drug therapy (National 
Institutes of Health and National Heart 2004).  Similarly lifestyle modifications are 
recommended for the prevention of hypertension (Mancia, Fagard et al. 2013).
Appropriate, individualised lifestyle changes have the potential to be as effective as 
drug monotherapy and should be recommended for those with  hypertension even if 
drug therapy has already commenced (Mancia, Fagard et al. 2013).
2.2 Factors involved in the development of high blood pressure
The relationship between individual nutrients and blood pressure has been studied 
extensively. There have been a range of nutrients looked at to date, but by far the 
strongest evidence is for an association between sodium (Na) and blood pressure. 
Potassium (K) has also been examined and there is emerging evidence of the need to 
consider the sodium-to-potassium molar ratio (Na:K), rather than either nutrient in 
isolation. Taking it one step further, this also illustrates the importance of examining 
the overall diet rather than just individual nutrients. 
2.2.1 Sodium
Sodium is the primary cation (positive ion) in the extracellular fluid of animals and 
humans. It is found in quite high concentrations in the blood and extracellular fluid 
(where it is maintained at a constant level) and is required by the body for many daily 
functions. Sodium ions are responsible for nerve impulse transmission and are 
necessary for certain metabolic functions. While the exact mechanism whereby 
sodium increases blood pressure is not entirely understood, it is known that people 
who develop high blood pressure have problems excreting sodium in the kidney (He 
and MacGregor 2010). Thus the most likely mechanism is via sodium causing 
intravascular fluid volume expansion and vascular dysfunction (stiffening of the 
arterial wall) (Meneton, Jeunemaitre et al. 2005; Buyck, Blacher et al. 2009).
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Sodium chloride (NaCl), or salt, is the most common compound of sodium. It is 
comprised of 40% sodium and 60% chloride. Salt the main source of sodium in the 
diet providing approximately 90% of the dietary sodium (He and MacGregor 2010).
Other minor sources include sodium bicarbonate, sodium nitrite, sodium benzoate and 
monosodium glutamate (MSG). While there is no published data on estimated intakes 
of these other sodium sources, they are unlikely to make a significant contribution to 
total dietary sodium intake as the absolute amounts added to food products is small 
apart from sodium bicarbonate present in baked products. Furthermore the addition of 
nitrites, benzoates and glutamates is limited in Australia by the Food Standards Code 
(Food Standards Australia and New Zealand 2000).
Sodium intake is commonly reported as either mg Na, mmol Na or mg NaCl (salt). 
The conversions for the different units are as follows:
1 mmol Na = 23 mg Na
1 g NaCl (salt) = 17 mmol Na = 390 mg Na
1 g Na = 2.56 g NaCl (salt)
2.2.1.1 Sodium and blood pressure 
The association between a high sodium intake and elevated blood pressure is now well 
established (Aburto, Ziolkovska et al. 2013; He, Li et al. 2013). A high sodium intake 
is the major dietary factor increasing the blood pressure of the population 
(INTERSALT 1988).  There is also a substantial amount of evidence from a range of 
study types indicating that reducing the sodium intake of a population will provide 
considerable health benefits. Some of the initial evidence comes from the 
demonstration of a causal relationship in animal studies (Tobian 1991; Denton, 
Weisinger et al. 1995). There have also been genetic studies, which have found that 
genetic mutations that affect the kidney’s ability to excrete sodium, can cause 
hypertension and hypotension and the effect of salt intake on the blood pressure of 
these individuals is pronounced (Lifton 1996).
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x Intervention studies on sodium and blood pressure
More persuasive evidence comes from intervention trials. A number of randomised 
controlled trials have been conducted worldwide to determine the effect of a reduction 
in dietary sodium on blood pressure (Chalmers, Morgan et al. 1986; MacGregor 1986;
Forte, Miguel et al. 1989; MacGregor, Markandu et al. 1989; Tian, Guo et al. 1995;
Trials of Hypertension Prevention Collaborative Research Group 1997; Whelton, 
Appel et al. 1998; Johnson, Nguyen et al. 2001; Sacks, Svetkey et al. 2001; Takahashi, 
Sasaki et al. 2006). A dose response to sodium has been shown in several well-
controlled studies (MacGregor, Markandu et al. 1989; Johnson, Nguyen et al. 2001;
Sacks, Svetkey et al. 2001).  It is clear from the results of these intervention studies 
that a lower sodium intake (with sodium intakes ranging from 50-80 mmol per day),
at least in the short term, can decrease blood pressure in both normotensives and 
hypertensives. Whether or not these lower sodium diets can be adhered to in the long 
term for sustained blood pressure decreases has not yet been determined.  
x Meta-analyses and systematic reviews on sodium and blood pressure
A number of meta-analyses and systemic reviews on the topic of blood pressure and 
sodium intake have now been performed to collate the evidence from the existing 
interventions studies.  The most recent (Aburto, Ziolkovska et al. 2013) included 64 
studies in the systematic review and 56 studies in the meta-analyses. Thirty-six of the 
studies were randomised controlled trials that reported on blood pressure and they 
concluded that a moderately low sodium intake (in the range of 120-140 mmol sodium 
per day) reduced SBP by 3.4 mmHg and reduced DBP by 1.5 mmHg, with greater falls 
seen in hypertensives. Several other systemic reviews (Law, Frost et al. 1991; Cutler, 
Follmann et al. 1997; Hooper, Bartlett et al. 2004; Jurgens and Graudal 2004;
Dickinson, Mason et al. 2006) and several meta-analyses (Midgley, Matthew et al.
1996; Graudal, Gallae et al. 1998; He and MacGregor 2002; Geleijnse, Kok et al.
2003; He and MacGregor 2004), have all shown falls in blood pressure of 1 to 5 mmHg 
SBP and 0 to 3 mmHg DBP, with dietary salt restriction of varying amounts.  
Whilst the changes in blood pressure observed in all these systematic reviews and 
meta-analyses have been varied they have all reported falls in blood pressure with salt 
10
Literature Review
reduction and most authors have concluded that these outcomes are positive in terms 
of overall health. Also of note is that the blood pressure fall seen in hypertensives is 
consistently larger than that for normotensives (Midgley, Matthew et al. 1996; Cutler, 
Follmann et al. 1997; Graudal, Gallae et al. 1998; He and MacGregor 2002; Geleijnse, 
Kok et al. 2003) and a dose response between the change in urinary sodium and blood 
pressure is also observed (Cutler, Follmann et al. 1997; He and MacGregor 2002).
Some reports have however concluded that the small (sometimes statistically non-
significant) overall fall in blood pressure would be of no real health significance to the 
population as a whole. These neutral reviews have generally included shorter duration 
trials (Midgley, Matthew et al. 1996; Graudal, Gallae et al. 1998; Jurgens and Graudal 
2004) or trials with a rapid, large decrease to a very low sodium intake (Graudal, Gallae
et al. 1998; Hooper, Bartlett et al. 2004).  This is an important consideration as public 
health recommendations are for a modest and maintained salt reduction rather than a 
quick, large decrease (He, Campbell et al. 2012). Similarly, the overall results can be 
affected by inclusion of studies of participants on aggressive diuretic therapy (e.g. 
those with heart failure (Paterna, Gaspare et al. 2008)) as these people are severely salt 
and fluid deprived before commencing any salt reduction intervention.
x Studies on sodium intake and mortality
It must be acknowledged that the decrease in blood pressure observed with lower 
sodium intakes is of no real benefit unless it translates into lower mortality rates. 
Although hypertension is recognised as the main cause of CVD it remains more 
contentious as to whether reducing the mean sodium intake, and thus blood pressure, 
of a population actually leads to a significant decrease in mortality from CVD.
Outcome studies showing a direct link between higher salt intakes (or other lifestyle 
factors) and higher mortality rates are more difficult to achieve due to ethical and 
practical considerations. 
Several observational studies have explored the association between sodium intake 
and mortality with mixed results. Salt intake was directly related to increased total 
mortality (and CVD mortality) in a random sample of Finnish adults (Tuomilehto, 
Jousilahti et al. 2001) and a reduction in long term CVD with sodium reduction was 
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shown by Cook et al (Cook, Cutler et al. 2007). In contrast, examination of the first 
National Health and Nutrition Examination Survey (NHANES) dataset (US 
Department of Health and Human Services) by Alderman et al (Alderman, Cohen et 
al. 1998) revealed a significant inverse association between sodium intake and CVD 
mortality after controlling for age, sex, race, BMI, CVD history, hypertension and 
SBP. However, analysis of the same NHANES I data by a different group (He, Ogden
et al. 1999), revealed different results. Here the authors found a consistent, significant, 
positive relationship between sodium intake and both CVD and all-cause mortality in 
overweight participants, but not those who were not overweight, after adjusting for 
age, race and sex. 
Analysis of the NHANES II dataset by Cohen et al (Cohen, Hailpern et al. 2006) also 
revealed a significant inverse association between sodium intake and CVD mortality 
after adjusting for sex, race, blood pressure treatment, smoking, diabetes, alcohol 
intake, education, physical activity, age, BMI, cholesterol, dietary potassium intake, 
energy intake and SBP.  Finally, the association between sodium intake and mortality 
was again examined in a mortality follow up study of the NHANES III participants 
(Cohen, Hailpern et al. 2008). In this study the observed associations were mostly
non-significant but the authors still caution against a universal recommendation to 
decrease dietary sodium intake. While several limitations exist when analysing 
observational datasets and using sodium intake data from a single 24 hr recall, some 
researchers believe this is evidence enough to question the routine recommendation of 
a reduction in salt intake for all population groups. 
Other research has focused on the association between sodium intake and mortality in 
specific groups of patients.  A study conducted in patients with type 1 diabetes 
(Thomas, Moran et al. 2011), found a non-linear association between urinary sodium 
excretion and all-cause mortality such that those with both high and low intakes of 
sodium having increased risk of death. However, there was no data reported on 
cardiovascular events or cardiovascular mortality specifically, and this study has been 
criticized (He, Appel et al. 2011) for its very low reported urinary sodium levels which 
are likely due to under collection of the 24 hr samples. Similarly, a recent study 
conducted in patients with type 2 diabetes (Ekinci, Clarke et al. 2011) also reported a 
negative association between urinary sodium excretion and all-cause and
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cardiovascular mortality, however many of these patients had multiple comorbidities 
such as renal impairment and pre-existing CVD. A study of patients at high risk of 
CVD (O'Donnell, Yusuf et al. 2011) also found a J-shaped association between 
cardiovascular mortality and urinary sodium excretion (estimated from a morning 
sample). However, using participants already at high risk of cardiovascular events may 
bias results as it has been postulated that these people maybe more susceptible to 
extremes of sodium intakes. 
In contrast more recently however, evidence has been reported from modelling studies 
(Coxson, Cook et al. 2013) and reviews of randomised controlled trials (Aaron and 
Sanders 2013; Aburto, Ziolkovska et al. 2013) all showing clear benefits on mortality 
from decreases in sodium intake. Similarly, a recent meta-analysis (Strazzullo, D'Elia
et al. 2009) of 13 prospective studies (19 population samples) investigating salt intake 
and CVD risk found a direct relationship between the intake of salt and the risk of 
CVD and stroke.  
Therefore it appears that although sodium restriction may have an adverse effect in 
some sub-populations with specific disease conditions, reduction in sodium intake is 
likely to result in a significant reduction in cardiovascular disease mortality across the 
general population.
x Population approaches to decrease salt intake
Significant health benefits, in terms of reducing the number of strokes and 
cardiovascular events, have been predicted by a modest and achievable population-
wide reduction in salt of 3 g / d from the current intake (Bibbins-Domingo, Chertow
et al. 2010). From meta-analyses data, it is predicted that a reduction in salt intake of 
6 g per day would reduce the incidence of stroke by 24% and coronary heart disease 
(CHD) by 18% and thus prevent 2.5 million deaths each year worldwide (He and 
MacGregor 2002; He and MacGregor 2010). More recently, it has been predicted that 
a 15% reduction in the mean population salt intake of low- and middle-income 
countries over 10 years could prevent 8.5 million CVD deaths (Asaria, Chisholm et al.
2007). Further reductions in salt or sodium are likely to have greater effects on blood 
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pressure but the longer term achievability of such decreases in sodium intake is 
questionable and there is currently limited long term data on population salt reduction. 
Finland has been at the forefront in population salt reduction strategies (Karppanen 
and Mervaala 2006; Laatikainen, Pietinen et al. 2006) and provides a unique 
opportunity to determine the actual effects of longer term changes in population salt 
intake. Since the 1970s, the mean population salt intake in Finland has been reduced 
by a third with a corresponding fall in blood pressure and a substantial 75% decrease 
in stroke and CHD mortality (Karppanen and Mervaala 2006). This was in spite of 
increases in body mass index (BMI) and alcohol intake over the same period. However 
these results are not only due to sodium decreases, as potassium intake (from fruit and 
vegetables) increased and fat intake and smoking rates decreased. 
x Summary
In summary, extensive research has been conducted on the blood pressure lowering 
effect of low sodium diets and there is a vast amount of evidence supporting a strong 
link between dietary sodium and blood pressure. It is now well accepted that reduced 
dietary sodium intake is associated with a fall in blood pressure in both hypertensive 
and normotensive individuals.  This relationship can no longer be ignored in terms of 
public health, as a substantial decrease in CVD and deaths from stroke and heart 
attacks are predicted from modest reductions in salt intake. In fact, it has been 
suggested that one of the most economical public health policies is salt reduction 
(Murray, Lauer et al. 2003; Asaria, Chisholm et al. 2007; He and MacGregor 2012).
Furthermore, in 2011, the United Nations High-Level Meeting on non-communicable 
diseases (NCDs) listed salt reduction as one of the top five priority interventions to 
tackle the NCD crisis as it is both feasible and cost-effective (Beaglehole, Bonita et al.
2011).
2.2.1.2 Actual requirement for sodium
It has been estimated that a diet consisting only of plant foods, with no salt added, 
provides approximately 0.23 g (10 mmol) sodium per day (Meneton, Jeunemaitre et 
al. 2005) and a diet comprising only of unsalted animal foods provides approximately 
0.8 g (35 mmol) sodium per day (Eaton, Eaton et al. 1997). Therefore, it would be 
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difficult to have a sodium intake of more than 1.2 g per day (50 mmol) if the diet 
consists solely of natural unprocessed foods. An intake of less than 30 mmol (690 mg) 
sodium per day has been shown to be sufficient to maintain health and meet 
physiological needs (Truswell, Kennelly et al. 1972; Page, Damon et al. 1974; Oliver, 
Cohen et al. 1975).
2.2.2 Potassium
Potassium is the main intracellular cation in plants and animals and thus occurs 
naturally in many foods. It is an essential nutrient and is involved in many functions 
within the body including normal cell function as well as the maintenance of fluid and 
electrolyte balance. Increased potassium intake has been shown to enhance natriuresis, 
or excretion of sodium via the kidneys (Koliaki and Katsilambros 2013).
2.2.2.1 Potassium and blood pressure
There has been less research specifically examining the effect of potassium intake on 
health in general (and blood pressure specifically) compared to that of sodium. 
However, there is now a large body of evidence that indicates that potassium has a 
blood pressure lowering effect (Aburto, Hanson et al. 2013).   It has also been 
postulated that higher potassium intakes have the potential to, at least in part, offset 
the negative effects of high sodium intakes. The benefit on hypertension of increasing 
potassium has been shown to be additive to the benefit of decreasing sodium (He and 
MacGregor 2001). Potassium may exert an even greater blood pressure lowering effect 
in those people with higher sodium intakes (Whelton, He et al. 1997; Aburto, Hanson
et al. 2013) and increased potassium is associated with a fall in blood pressure in both 
hypertensive and normotensive individuals (Houston 2011). Thus potassium must also 
be considered in any dietary approach to the treatment or prevention of hypertension.  
x Intervention studies on potassium and blood pressure
Most intervention studies examining the effect of potassium on blood pressure have 
used potassium supplements, usually potassium chloride (KCl). Supplements are 
commonly used to test single nutrient effects and this is a relatively easy method of 
increasing potassium intake compared to using changes in consumption of potassium 
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containing foods. There is no evidence that there would be any difference if the 
increased potassium came from food rather than a potassium supplement. However it
is important to note that high potassium foods are also likely to be high in other 
nutrients such as fibre and other vitamins and minerals which may also affect blood 
pressure. The main benefit of using a supplement is in being able to construct a 
randomised trial which can be used to test the impact of a single nutrient on a health 
parameter like blood pressure. 
Several small dietary intervention studies (Skrabal, Aubock et al. 1981; Chalmers, 
Morgan et al. 1986; Morgan and Nowson 1987) have all shown falls in blood pressure 
with high potassium diets achieved via changes in diet rather than supplements.
Skrabal et al achieved a high potassium intake (200 mmol / day) by the inclusion of 
large amounts of fruit and vegetables plus a salt substitute (mainly KCl) and a 40 mmol 
potassium supplement. Whilst this was a small study in 20 normotensive young males, 
a fall of at least 5 mmHg DBP was observed in ten of the 20 participants whilst 
following the high potassium diet (Skrabal, Aubock et al. 1981). Chalmers et al 
observed falls of 7.7 mmHg SBP and 4.7 mmHg DBP in 52 participants following a 
high-potassium diet (mean K intake achieved 96 mmol / day) (Chalmers, Morgan et 
al. 1986). Morgan et al observed blood pressure falls of 3.6 mmHg SBP and 3.1 mmHg 
DBP greater than the control group, in participants who increased their dietary 
potassium intake to 90 mmol per day (Morgan and Nowson 1987).
The Dietary Approaches to Stop Hypertension (DASH) study (Appel, Moore et al.
1997) also highlighted a positive effect of increased dietary potassium. The 154 
participants following the fruit and vegetable diet achieved a mean potassium intake 
of 71 mmol per day, while maintaining sodium intake (at 130 mmol / day) and body 
weight. After eight weeks on this diet, a reduction in blood pressure of 2.8 mmHg SBP 
and 1.1 mmHg DBP greater than the control diet was observed. 
x Meta-analyses and systematic reviews on potassium and blood pressure
There have been a number of meta-analyses conducted on the effect of potassium 
intake on blood pressure. The most recent systematic review and meta-analyses 
(Aburto, Hanson et al. 2013) aimed to fill some of the gaps in the research relating to 
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potassium and its effects on health. Twenty-two randomised controlled trials were 
analysed and results confirmed that an increased intake of potassium leads to a 
decreased SBP and DBP. Three previous meta-analyses all found evidence of a 
significant inverse relationship between potassium supplementation and blood 
pressure in adults (Cappuccio and MacGregor 1991; Whelton, He et al. 1997;
Geleijnse, Kok et al. 2003). Another recent meta-analysis (Dickinson, Nicolson et al.
2006) showed large falls in blood pressure with potassium supplementation, but the 
small number of short duration trials with very varied outcomes made the overall result 
inconclusive.  
x Summary
Increased potassium is associated with a fall in blood pressure in both hypertensive 
and normotensive individuals.  Whilst the evidence for a blood pressure lowering 
effect of increased potassium may not be as strong as that for decreased sodium, there 
is still adequate evidence to indicate that potassium must also be considered in any 
dietary approach to the treatment or prevention of hypertension.  
2.2.3 The sodium-to-potassium molar ratio
With increased dietary potassium being able to counteract at least some of the negative 
effects of high dietary sodium (Houston 2011), the benefit on blood pressure of 
increased dietary potassium is in addition to the benefit of decreasing sodium 
(Espeland, Kumanyika et al. 2001) and an individual’s sodium-to-potassium molar 
ratio (Na:K) has been shown to be more strongly and consistently related to blood 
pressure (INTERSALT 1988) and CVD risk (Cook, Obarzanek et al. 2009), than either 
sodium or potassium alone. Therefore it may be of greater importance to health to 
measure and educate with a focus on the overall sodium-to-potassium molar ratio of 
people’s diets rather than just sodium or potassium in isolation. 
Evidence from many studies has indicated that potassium intake should at least equal 
the intake of sodium when expressed as molar units (Stamler, Rose et al. 1989; Beard, 
Woodward et al. 1997). Recognising this, the WHO specifically recommends a 
potassium intake at a level that would ensure the sodium-to-potassium molar ratio was 
close to 1.0 (World Health Organization 2003).
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2.2.4 Other nutrients and non-dietary factors
The blood pressure effects of dietary calcium (Griffith, Guyatt et al. 1999; Margolis, 
Ray et al. 2008) and magnesium (Jee, Miller et al. 2002) have also been examined.  
Overall, the evidence to support the inclusion of calcium supplementation as a 
potential treatment for hypertension does not yet exist (Dickinson, Mason et al. 2006;
Appel, Giles et al. 2010). Similarly for magnesium, results from clinical trials are too 
small or inconsistent (Dickinson, Mason et al. 2006; Appel, Giles et al. 2010).  Alcohol 
is another important factor associated with blood pressure (Xin, He et al. 2001). The 
recommendation is to moderate alcohol intake to assist in lowering blood pressure 
(Mancia, Fagard et al. 2013).  The effects on blood pressure of other dietary factors 
such as fat (Pietinen 1994; Delichatsios and Welty 2005; Howard, Van Horn et al.
2006) and protein (He and Whelton 1999; Liu, Ikeda et al. 2002; Elliott, Stamler et al.
2006) have also been studied but the results are inconclusive.  Replacing carbohydrate 
with protein or unsaturated fat has been shown to decrease blood pressure (Appel, 
Sacks et al. 2005).
Although a range of dietary factors appears to influence blood pressure the bulk of the 
evidence implicates excess dietary sodium and insufficient dietary potassium.  Diet is 
just one of the many modifiable risk factors that have been associated with the 
development of hypertension. Other modifiable risk factors include overweight and 
obesity, stress, physical inactivity and smoking (Mancia, Fagard et al. 2013). As well 
as these modifiable risk factors, there are also non-modifiable factors including age, 
gender, and genetics which are not covered within this review. 
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2.3 Recommended intakes
2.3.1 Nutrient reference values for Australia and New Zealand
The Nutrient Reference Values for Australia and New Zealand (National Health and 
Medical Research Council 2006) include an estimated average requirement (EAR), a 
recommended dietary intake (RDI), an adequate intake (AI), an upper level of intake 
(UL) and a suggested dietary target (SDT) for several important nutrients. For sodium 
the UL is set at 2300 mg per day (100 mmol / day) for men and women over 19 years
of age. There is no UL for potassium as naturally occurring dietary potassium has 
never been shown to cause hyperkalaemia in healthy people (National Health and 
Medical Research Council 2006). The AI for potassium is 3800 mg / d (97 mmol / d) 
for adult males and 2800 mg / d (72 mmol / d) for adult females (National Health and 
Medical Research Council 2006).
For an SDT to be published for a specific nutrient there must be evidence of a potential 
chronic disease preventive effect. For sodium, the benefits on blood pressure, of a 
lower sodium intake are acknowledged in the rationale for the sodium SDT which is 
set at 1600 mg (70 mmol) per day.  A sodium intake of no more than the SDT is 
recommended for older, overweight hypertensives and for those wishing to maintain 
low blood pressure over the lifespan. Similarly for potassium, the SDT of 4700 mg
(120 mmol) per day recognises the ability of potassium to reduce the effect of sodium 
on blood pressure and acknowledges the improved health outcomes with higher 
intakes of potassium.
These sodium recommendations are significantly higher than the actual requirements 
discussed above in section 2.2.1. As actual sodium intakes are much greater than actual
requirements, targets have been set at levels that are potentially more achievable but 
will still offer significant improvements in health. These targets or recommendations 
are also just the first step in a longer term plan for further salt reduction and are just 
one aspect of the multifaceted lifestyle approach required to decrease hypertension and 
CVD.
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2.3.2 Sodium and potassium recommendations in other countries
In the United States, the Food and Nutrition Board of the Institute of Medicine of the 
National Academy of Sciences, sets Dietary Reference Intakes (DRI’s) for the United 
States population (Institute of Medicine 2005). The AI for sodium is set at 1500 mg
per day for adults up to 70 years of age and the Tolerable Upper Intake Level is set at 
the same level as in Australia (i.e. 2300 mg / day) for adult males and females. For 
potassium, the AI is set at the same level as Australia’s SDT (120 mmol or 4700 mg /
d) for all adults over 18 years of age and like in Australia there is no UL defined for 
potassium in the United States.
In the United Kingdom (UK), the Department of Health published the 1991 report 
‘Dietary Reference Values for Food Energy and Nutrients for the United Kingdom’ 
which lists the estimated requirements for various groups within the UK population 
(Department of Health 1991). The Reference Nutrient Intake (RNI) which is 
considered likely to be sufficient to meet the requirements of 97.5% of the group, for 
sodium for adults aged 19 and over, is 1600 mg (70 mmol) per day. For potassium the 
RNI for all adults is set as 3500 mg (90 mmol) per day.
There is also evidence that reducing the dietary sodium-to-potassium molar ratio 
(Na:K) can reduce blood pressure (INTERSALT 1988) and thus the WHO 
recommends a potassium intake which results in a Na:K close to 1.0 (World Health 
Organization 2003).
2.3.3 Sodium and salt recommendations
Several national and international groups have set recommendations around salt or 
sodium intakes as shown in Table 2.2. The World Health Organization  recommends 
a salt intake of up to 5 g per day (2000 mg or 90 mmol / day sodium) for adults to 
reduce blood pressure and therefore the  risk of CVD, stroke and coronary heart disease 
(World Health Organization 2003). The recommendation in the United Kingdom is for 
a salt intake of up to 6 g / d (or 100 mmol / d sodium) (Chobanian and Hill 2000;
Scientific Advisory Committee on Nutrition 2003).
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Table 2.2 Sodium and salt recommendations
Organisation Recommendation
World Health Organization (World Health 
Organization 2012)
< 5 g salt per day
United Kingdom (Scientific Advisory 
Committee on Nutrition 2003)
< 6 g salt per day 
National Heart Foundation of Australia 
(National Heart Foundation of Australia 
2006; National Blood Pressure and 
Vascular Disease Advisory Committee 
2008)
Australians with high blood pressure 
consume no more than 4 g salt per day
Australian Division of World Action on 
Salt and Health (Australian Division of 
World Action on Salt and Health 2007)
Reduce salt consumption by Australians 
to an average of 6 g per day (100 mmol
or 2400 mg sodium).
Those with high blood pressure or CVD 
consume no more than 4 g salt (65 mmol 
or 1550 mg sodium) per day.
Advice to moderate salt intake was included in the first national dietary guidelines for 
Australians and has remained in each update of this document since (National Health 
and Medical Research Council 2003). The target of 100 mmol sodium (2300 mg 
sodium or 6 g salt) per day was first suggested in Australia over 20 years ago (Truswell 
1991). This recommendation takes into account what was thought to be achievable by 
individuals (Scientific Advisory Committee on Nutrition 2003) in the general
population and it is generally accepted that lower intakes will produce even better 
results in terms of a blood pressure decrease and subsequent CVD especially in older 
and overweight people with pre-existing hypertension (National Health and Medical 
Research Council 2006).
As well as a quantitative recommended intake, the Australian Dietary Guidelines 
(National Health and Medical Research Council 2013), also encourages a limit on 
sodium intake via the general guideline “Limit intake of foods containing saturated 
fat, added salt, added sugars and alcohol” and the more specific guidelines of “Limit 
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intake of foods and drinks containing added salt”.  Two strategies are suggested under 
the specific guideline as follows:
“Read labels to choose lower sodium options among similar foods”.
“Do not add salt to foods in cooking or at the table”.
2.3.4 Potassium and fruit and vegetable recommendations
Apart from the recommended nutrient intakes (see section 2.3.1), other indirect 
potassium intake recommendations come in the form of fruit and vegetable guidelines 
and wholegrain intake guidelines, rather than specifically mentioning potassium. The 
WHO recommends that to reduce blood pressure and risk of other diseases in adults, 
potassium intake from food should be increased to at least 90 mmol per day (World 
Health Organization 2012). The WHO suggests that the recommended intake of 
potassium comes from an adequate fruit and vegetable intake (400 - 500 g / day)
(World Health Organization 2003).
In the Australian Dietary Guidelines (National Health and Medical Research Council 
2013), consumption of fruit and vegetables is encouraged via the guideline: “Eat a
wide variety of nutritious foods (plenty of vegetables, including different types and 
colours, and legumes/beans and fruit)” and for grain (cereal) foods, “wholemeal or 
wholegrain varieties are preferable”.  Whilst the ‘Milk, yoghurt, cheese and/or their 
alternatives’ food group is not directly mentioned as a good source of potassium, the 
dietary guidelines do state “Consumption of milk, yoghurt and cheese can reduce your 
risk of high blood pressure”.
The Australian Guide to Healthy Eating (AGTHE) (National Health and Medical 
Research Council 2013) provides information on the amount and type of foods that 
should be eaten for good health. The suggested intake of vegetables (and legumes) is 
five to six serves each day, and the suggested intake of fruit is two serves per day.
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2.4 Measuring dietary sodium and potassium intakes
2.4.1 Measuring intake using urinary excretion methodology
Whilst the daily intake of sodium varies significantly, the body maintains both the 
extracellular sodium concentration and total body sodium levels within very tight 
limits. It is estimated that approximately 90-95% of all ingested sodium is excreted via 
the urine (James, Ralph et al. 1987; World Health Organization 2007) and other routes 
for sodium losses are only significant in severe vomiting or diarrhoea and very profuse 
sweating. Normally about 2% of dietary sodium is excreted via sweat and about 1% in 
the faeces (James, Ralph et al. 1987). Thus the best measure of dietary sodium intake 
is urinary sodium excretion and using a 24 hr urine collection is currently considered 
the ‘gold standard’ for assessing dietary sodium intake over a 24 hr period (Dyer, 
Elliott et al. 1997; Vandevijvere, De Keyzer et al. 2010). Due to the day to day 
variation in an individual’s sodium intake more than one 24 hr urinary collection is 
required to assess ‘usual intake’. A study by James et al (James, Bingham et al. 1980)
determined that some nutrients require more days of observations than others to 
measure usual intake. They found that for sodium, the number of days required to 
classify 80% of the population into their appropriate tertiles with 95% confidence, was 
11 for men and 7 for women. 
Most ingested potassium is excreted in the urine with some lost from the body via 
faeces and a small amount in sweat (Pietinen 1982; Holbrook, Patterson et al. 1984;
Agarwal, Afzalpurkar et al. 1994).  It is estimated that up to 15% of dietary potassium 
intake is lost via the faeces (Espeland, Kumanyika et al. 2001; Leiba, Vald et al. 2005).
The amount of potassium lost via faeces significantly increases as fibre intake 
increases (Institute of Medicine 2005; Tasevska, Runswick et al. 2006).  As a 
significant amount of dietary potassium comes from fruit and vegetables, high 
potassium diets also tend to be high in fibre and so the problem can be exacerbated 
and in these instances urinary measurement is less accurate. Despite these issues 
however, measurement of urinary potassium is still considered a suitable method of 
determining dietary potassium intake (INTERSALT 1988).
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When using a 24 hr urine collection, it is important that a complete sample is collected. 
Recognising the issue of incomplete urine collections lead to the development of 
methods used to determine if a full 24 hr collection has been obtained. One such 
method is the use of para-aminobenzoic acid (PABA) based on the assumption that 
PABA is excreted from the body, almost entirely, within 24 hours (Bingham and 
Cummings 1983). PABA excretion has however been shown to be affected by renal 
function and more recently, by age leading to incorrect exclusions and inclusions 
(Jakobsen, Pedersen et al. 2003). There are also issues with compliance in taking the 
PABA tablets, potential for interaction with late night meals and the presence of 
naturally occurring PABA, which can all affect the excretion of PABA (De Keyzer, 
Huybrechts et al. 2012). The cost of PABA analyses may also limit its use (Subar, 
Midthune et al. 2013). Alternatively creatinine excretion can also be used as a marker
of completeness of the 24 hr urine sample. This is based on the assumption that 
creatinine excretion per kilogram body weight is constant (Bingham and Cummings, 
1985). Whilst this does not rely on compliance of taking an additional tablet, the 
sensitivity of using creatinine to identify all incomplete urine samples has been 
questioned (De Keyzer, Huybrechts et al. 2012), although it can be used to identify 
collections with significant amounts of missing urine.
2.4.2 Measuring intake using dietary assessment methodology
The accurate, efficient measurement of dietary intake remains a problem (Gibson 
2005). There are many dietary assessment methods (24 hr dietary recalls, weighed 
food records, food diaries, diet histories or food frequency questionnaires (FFQ)), each 
with different strengths and limitations. In general the 24 hr recall is most commonly 
used in assessment of an individual’s dietary and the FFQ in epidemiology (Dodd, 
Guenther et al. 2006). The 24 hr recall is used widely as it provides rich detail about 
the typed and amounts of food eaten on a specific day. However the day to day 
variation of an individual’s dietary intake is significant which limits this method’s 
ability to assess ‘usual intake’. Collecting more than two 24 hr recalls per person in 
large surveys is often not feasible due to time or cost constraints (Tooze, Midthune et 
al. 2006). The FFQ is designed to measure longer term intake and is suitable for very 
large sample sizes as it is relatively inexpensive, particularly if scannable 
questionnaires are used. It is however limited to a finite number of foods and relies on 
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an individual to be able to report their retrospective intake accurately over a long 
period of time (Dodd, Guenther et al. 2006). Weighed food records usually use 
between one and seven days of data collection and require participants to be provided 
with an accurate set of scales.  Weighed food records are often used as the reference 
method when validation of other methods is being conducted. There is no real 
objective measure and thus the multiple-day weighed food record is currently regarded 
as the ‘gold standard’ dietary assessment methodology.  However this method is very 
time consuming and work intensive for both the person completing the record and the 
researcher or practitioner analysing the data. Statistical methods are being developed 
to enable a more accurate estimation of ‘usual’ intake from 24 hr recall data (Dodd, 
Guenther et al. 2006; Tooze, Midthune et al. 2006).
Validation studies comparing different dietary assessment methods specifically for
sodium and potassium intake are limited. A small study on 55 middle aged adults 
compared intakes of sodium, potassium and energy using single and multiple-day food 
records (Caggiula, Wing et al. 1985). The group average for both sodium and 
potassium using 1-day record was as good as using a 6 day average. A study in 160 
women compared four 4-day weighed food records to seven other dietary assessment 
methods (Bingham, Gill et al. 1994). The use of a food frequency questionnaire led to 
an over estimate of potassium intake, compared to the 16 days of weighed food records 
whereas a 24 hr recall (either structured or unstructured) was not different.
Unfortunately sodium was not one of the nutrients compared in the study.
Assessment of dietary intake of sodium and potassium using dietary methodology is
not as reliable as using 24 hr urinary excretion when the aim is to simply quantify total 
dietary intake. This is due to the numerous errors associated with the methodology of 
these dietary assessment tools such as the inaccuracy of nutrient databases used to 
analyse dietary intakes, missing data or self-reporting errors and bias, and for sodium, 
the difficulty in quantifying discretionary salt usage (salt added in cooking and at the 
table) (Clark and Mossholder 1986; James, Ralph et al. 1987; World Health 
Organization 2007). An additional issue with assessing potassium intake through
dietary methodology is that potassium is lost from food during cooking and soaking 
before cooking, and as such actual intakes may be lower than the values estimated 
from food tables (Espeland, Kumanyika et al. 2001).
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However, despite these limitations, dietary assessment of sodium and potassium intake 
provides important information as it is the only method for determining food sources 
of nutrients, meal distribution of nutrients and dietary patterns characterised by higher 
consumption of these key nutrients.
2.4.3 Food composition and nutrient databases
The quality of the nutrient database used is key in any dietary assessment. Many large 
national surveys use nutrient databases specifically designed for the survey. For 
example in Australia AUSNUT2007 (Food Standards Australia New Zealand 2008)
was developed specifically for the 2007 National Children’s Nutrition and Physical 
Activity Survey (CNPAS). More recently AUSNUT 2011–13 (Food Standards 
Australia and New Zealand 2014) was developed for the 2011–12 National Nutrition 
and Physical Activity Survey (NNPAS) component of the 2011–13 Australian Health
Survey (AHS). In the US, the FNDDS (Food and nutrient database for dietary surveys)
(United States Department of Agriculture 2013) is updated every 2 years as part of the 
National Health and Nutrition Examination Survey (NHANES). For smaller 
convenience samples, there is a reliance on the latest published nutrient databases. 
With many food manufacturers reformulating food products regularly as part of 
initiatives such AWASH’s ‘Drop the Salt’ Campaign (Australian Division of World 
Action on Salt and Health) or the Food and Health Dialogue (Food and Health 
Dialogue 2013), there are significant ongoing challenges around ensuring that nutrient 
databases contain the most up to date information.
2.4.4 Misreporting of dietary intake
Whilst misreporting includes both under and over reporting, most studies find that 
under reporting is more common than over reporting when dietary records are used 
(Livingstone, Robson et al. 2003; Rasmussen, Matthiessen et al. 2007). Energy intake 
is often used as a proxy for dietary intake based on the assumption that it is likely other 
nutrients are also underestimated if energy intake is underestimated (Livingstone, 
Robson et al. 2003). Data is excluded based on over or under reporting of energy, 
using cut-offs such as that originally defined by Goldberg (Goldberg, Black et al.
1991) and modified by others (Black 2000). It is important to use individual activity 
levels to increase the validity when using Goldberg’s cut-offs (Black 2000).
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The specific characteristics of participants who underreport dietary intake has not 
always been consistent among studies. The most consistent finding is that 
underreporting occurs more often in overweight or obese people than leaner people 
(Livingstone, Robson et al. 2003; Tooze, Midthune et al. 2006; Rennie, Coward et al.
2007). Under reporting has also been reported to occur more often in women than in 
men (Hirvonen, Mannisto et al. 1997) and has been shown to increase with age 
(Rennie, Jebb et al. 2005). Some studies have reported lower education level or lower 
socio-economic class as predictors of under reporting (Klesges, Eck et al. 1995; Pryer, 
Vrijheid et al. 1997). However, other characteristics are not consistently shown and 
personality traits may also be important (Novotny, Rumpler et al. 2003).
Some foods or nutrients are more likely to be under reported than others (Rasmussen, 
Matthiessen et al. 2007). It has been shown that energy from fat is often under reported 
(Livingstone, Robson et al. 2003) and that high fat and high sugar foods are also 
commonly less reported by under reporters (Lafay, Mennen et al. 2000; Rasmussen, 
Matthiessen et al. 2007). This may be because they are likely to be consumed as snack 
foods which are more often either deliberately or accidently missed out when recording 
dietary intake. On the other hand, the intake of fruit, vegetables and fish has been 
shown to be the same in under reporters and those deemed not to under report (Lafay, 
Mennen et al. 2000). However, there is little data available on how dietary 
misreporting specifically effects the assessment of sodium and potassium intakes.
Finally, it is not possible to tell if under reporting is real under reporting of food intake 
or it is actual under eating during the recording period. It has been suggested that 
highly motivated participants, who are interested in health may be less likely to under 
report (Rasmussen, Matthiessen et al. 2007).
2.4.5 Using dietary methodology
Although it important to acknowledge the flaws in using dietary assessment to measure 
sodium intake levels, the assessment of dietary intakes of both sodium and potassium 
does provide a useful estimate of dietary intake at an individual and population level 
which is an important step in the management and prevention of hypertension. Many 
people in Western societies in particular, consume too much sodium and not enough 
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potassium which are major contributing factors to the high prevalence of hypertension 
in these countries (He and MacGregor 2001; He and MacGregor 2009).
2.5 Dietary intake data
2.5.1 Sodium and salt intakes
In most of the developed world, dietary sodium intake exceeds recommended levels 
and the mean sodium intake of most adults is more than 100 mmol per day (Aburto, 
Ziolkovska et al. 2013). In Asian countries, the mean sodium intake is much higher 
and often in excess of 200 mmol per day (Brown, Tzoulaki et al. 2009).
INTERSALT (INTERSALT 1988) was a large international study designed to 
investigate the relationship between salt and blood pressure in 52 communities of 
varying salt intake. Mean urinary sodium ranged from 0.2 mmol / 24 hr in the 
Yanomamo Indians of Brazil to 246 mmol / 24 hr in Tianjin, People’s Republic of 
China. Mean sodium intakes for men were consistently higher than for women in all 
studies from all countries where gender-specific data were collected (INTERSALT 
1988).
More recent international data were obtained in the INTERMAP study, which 
compared sodium intakes in Japan, the People’s Republic of China, the United 
Kingdom and the United States of America (Zhou, Stamler et al. 2003). Mean daily 
urinary sodium for males and females were 245 mmol  and 210 mmol respectively in 
the People’s Republic of China, 211 mmol and 186 mmol respectively in Japan, 183 
mmol  and 142 mmol respectively in the United States, and 161 mmol  and 127 mmol 
respectively in the Uniting Kingdom. Again men had higher sodium intakes than 
females. Other country specific study data is shown in Tables 2.3a and 2.3b below. 
28
Literature Review
Table 2.3a Published International data on sodium intakes (using urinary 
assessment)
Author/Study Participants
Assessment 
method used
Mean (SD) sodium 
intake
(mmol / day)
Males Females
National Diet and 
Nutrition Survey -
Assessment of dietary 
sodium in
adults (aged 19 to 64 
years) in England, 2011
(Department of Health 
2011)
547 adults (250 M, 297 F)
Sodium Survey England 2011
Aged 19-64 yr
Representative of the 
population living in private 
households in England
one 24 hr
urine 
159 (99) 117 (61)
National Centre for Social 
Research 2008
(MRC – Human Nutrition 
Research 2008)
692 adults (294 M, 398 F)
Aged 19-64 yr
Nationally representative 
sample of UK adults
one 24 hr
urine 
166 (70) 131 (50)
Reinivuo 2006 (Reinivuo, 
Valsta et al. 2006)
879 Finnish adults
(410 M, 469 F)
Aged 25-64 yr
2002 data
one 24 hr
urine 
170 (57) 117 (39)
Abbreviations: F, females; M, males
29
Literature Review
Table 2.3b Published International data on sodium intakes (using dietary assessment)
Author/Study Participants
Assessment 
method used
Mean (SD) sodium 
intake
(mg / day)
Males Females
Yang 2011
(Yang, Liu et al. 2011)
12,267 adults
(5899 M, 6368 F)
Aged 20 or older
NHANES III
Nationally representative 
sample of US adults
one 24 hr
dietary recall
4323
(21)
2918
(17)
Wright 2003
(Wright, Wang et al.
2003)
8604 adults 
(4206 M, 4398 F)
NHANES 1999-2000
Nationally representative 
sample of US population
one 24 hr
dietary recall
3887
(3933)
2898
(2645)
Abbreviations: F, females; M, males
Recent data on the average sodium intake of Australians is lacking. However, from the 
limited published Australian data available (Table 2.4), it is estimated that Australians 
consume approximately 150-160 mmol sodium per day which is equivalent to 
approximately 8.5 to 9 g salt per day. A mean salt intake of 4.8 g per day for women 
aged 16-44 years was reported by Food Standards Australia and New Zealand 
(FSANZ) (FSANZ 2008) using an estimate of dietary intake only, which is 
acknowledged to underestimate intake compared to the gold standard of 24 hr urinary 
measurement (World Health Organization 2007). This estimate is lower than most 
other Australian studies however, this study used data from the 1995 National 
Nutrition Survey which is now over 15 years old. Additionally this estimate is only for 
sodium from sodium chloride and excludes naturally occurring sodium. With limited 
recent data available from large samples, it is difficult to determine how current 
Australian intakes compare to current recommendations and how the mean intake may 
have changed over time. 
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Table 2.4a Published Australian data on sodium intakes (using urinary assessment) 
Author Participants
Assessment 
method used
Mean (SD) sodium intake
(mmol / day)
ALL Males Females
Keogh
(Keogh, Lange et 
al. 2013)
69 adults 
(all F)
Healthy free–living
two 24 hr
urines
126 (42)
Villani
(Villani, Clifton
et al. 2012)
88 adults
(52 M, 3 6F)
Overweight and 
obese with T2DM
one 24 hr
urine 
195 (75) 144 (42)
Ireland
(Ireland, Clifton
et al. 2010)
43 adults 
(10 M, 33 F)
Healthy free–living
one 24 hr
urine 
121 (50)
to
132 (44)
123 (65) 
to
161 (30)
118 (51) 
to
119 (41)
Charlton
(Charlton, 
Yeatman et al.
2010)
78 adults
(all F)
Aged 19-56 yr
Convenience 
sample 
one 24 hr
urine 
111 (45)
Huggins
(Huggins, 
O'Reilly et al.
2011)
783 adults 
(376 M, 407 F)
Melbourne 
Collaborative 
Cohort Study 2007-
2008
one 24 hr
urine 
155 (63) 178 (66) 134 (50)
Brinkworth
(Brinkworth, 
Wycherley et al.
2008)
208 adults 
(69 M, 139 F)
Overweight and 
obese Convenience 
sample 
one 24 hr
urine 
147 (76) 181 (95) 136 (61)
Keogh
(Keogh, 
Luscombe-Marsh
et al. 2007)
38 adults
Obese 
Aged 20-65 yr
one 24 hr
urine 
153 (80)
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Table 2.4a cont. 
Author Participants
Assessment 
method used
Mean (SD) sodium intake
(mmol / day)
ALL Males Females
Hodgson 
(Hodgson, Burke et 
al. 2006)
60 adults 
(38M, 22F) 
Hypertensive 
one 24 hr
urine 
165 (66) 
to
167 (66)
Margerison
(Margerison and 
Nowson 2006)
144 adults
(79 M , 65 F)
Community-
dwelling
one 24 hr
urine 
147 169 (48) 120 (49)
Nowson 
(Nowson, Morgan
et al. 2003)
108 adults
(44 M, 64 F)
Twins 
Aged 33-74 yr
one 24 hr
urine 
139 (54)
Beard 
(Beard, Woodward
et al. 1997)
194 adults
(87M, 107F)
Aged 18-70 yr
one 24 hr
urine 
141
170 (52) 118 (42)
Abbreviations: F, females; M, males
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Table 2.4b Published Australian data on sodium intakes (using dietary assessment) 
Author Participants
Assessment 
method used
Mean (SD) sodium intake
(mg / day)
Males Females
Keogh
(Keogh, Lange
et al. 2013)
70 F
Healthy free–living
two four day 
weighed food 
records
2361 (680)
Villani
(Villani, Clifton
et al. 2012)
88 adults
(52 M, 36 F)
Overweight and obese 
with T2DM
four day 
weighed food 
record
2829 (625) 2300 (504)
Ireland 
(Ireland, Clifton
et al. 2010)
43 adults 
(10 M, 33 F)
Healthy free –living
one 24 hr
dietary recall
2815 (1084)
to
3436 (1535)
2767 (1636)
to
3062 (1489)
Charlton 
(Charlton, 
Yeatman et al.
2010)
78 F 
Aged 19-56
Convenience sample 
three day food 
diary
2718 (1610)
Margerison 
(Margerison and 
Nowson 2006)
144 adults 
(79 M , 65 F)
Community-dwelling
one 24 hr
dietary recall
3174 (1311) 2438 (345)
Abbreviations: F, females; M, males; T2DM, type 2 diabetes mellitus
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2.5.2 Potassium intakes
In many countries around the world, the mean potassium intake of adults is less than 
80 mmol per day (INTERSALT 1988) and there is little data showing intakes of more 
than 90 mmol per day which is the recommended intake in the United Kingdom (Table 
2.5).
Table 2.5 Published International data on potassium intakes (using urinary and 
dietary assessment) 
Author Participants
Assessment 
method used
Mean (SD) potassium intake
(mmol / day)
ALL Males Females
INTERSALT 
(INTERSALT 
1988)
Canada 
361 adults
one 24 hr
urine 
46 (20)
to
72 (23)
Japan 
591 adults
one 24 hr
urine 
43 (13)
to
48 (15)
People’s Republic of 
China
600 adults
one 24 hr
urine 
27 (8)
to
35 (10)
United Kingdom
598 adults
one 24 hr
urine 
57 (18)
to
63 (22)
United States of 
America
1150 adults
one 24 hr
urine 
25 (12)
to
57 (21)
Yang
(Yang, Liu et al.
2011)
12,267 adults 
(5899M, 6368F)
Aged 20 or older
NHANES III
Nationally 
representative 
sample
one 24 hr
dietary recall
86 (0.4) 62 (0.3)
Abbreviations: F, females; M, males
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As for sodium, recent data on the average potassium intake of Australians is limited 
but research suggests adult Australians consume approximately 80 mmol (3120 mg) 
of potassium per day (Table 2.6).
Table 2.6 Published Australian data on potassium intakes (using urinary and 
dietary assessment)
Author Participants
Assessment 
method used
Mean (SD) potassium intake
(mmol / day)
ALL Males Females
Villani
(Villani, Clifton et 
al. 2012)
88 adults (52M, 36F) 
Overweight with T2DM
one 24 hr
urine 
101 (28) 73 (19)
Ireland 
(Ireland, Clifton et 
al. 2010)
43 adults 
(10 M, 33 F)
Healthy free –living
one 24 hr
urine 
80 (48) 
to
86 (24)
68 (17)
to
78 (20)
one 24 hr
dietary recall
83 (15) 
to
91 (21)
82 (24)
to
91 (55)
Huggins
(Huggins, O'Reilly
et al. 2011)
783 adults (376M, 407F)
Melbourne Collaborative 
Cohort Study 2007-2008
one 24 hr
urine 
82 (28) 88 (31) 77 (24)
Hodgson 
(Hodgson, Burke et 
al. 2006)
60 adults (38M, 22F)
Hypertensive 
one 24 hr
urine 
79 (24)
to
80 (25)
Margerison 
(Margerison and 
Nowson 2006)
144 adults (79 M , 65 F)
Community-dwelling
one 24 hr
urine 
84 (24) 66 (22)
one 24 hr
dietary recall
108 (29) 83 (22)
Nowson 
(Nowson, Morgan
et al. 2003)
108 adults (44 M, 64 F)
Aged 33-74
one 24 hr
urine
79 (24)
Beard 
(Beard, Woodward
et al. 1997)
194 adults (87M, 107F)
Aged 18-70
one 24 hr
urine
78 83 (26) 74 (28)
Abbreviations: F, females; M, males
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2.6 Dietary sources data
Determination of the food sources of sodium and potassium is an important first step 
in the development of any public health education campaign aimed at reducing dietary 
sodium and increasing dietary potassium to reduce population CVD risk. In addition, 
knowing when these particular foods are consumed and which meals are the main 
sources of these key nutrients may assist in the development of specific education 
strategies. Eating patterns are an important determinant of nutrient intake (Dwyer, 
Evans et al. 2001; Hampl, Heaton et al. 2003) and thus education strategies that are 
developed whilst acknowledging the patterns which people follow when eating, will 
potentially be more successful. Targeting recommendations to specific foods or meals 
is likely to be a useful strategy in the formation of nutrition interventions.
2.6.1 Foods as sources of sodium and potassium
To date there has been minimal research into which foods provide the most sodium in 
the adult Australian diet and there have been no published studies looking at the main 
food sources of potassium in Australia. In industrialised nations there is evidence that 
that most dietary sodium comes from salt which is added to food during processing 
(James, Ralph et al. 1987). It has been estimated that approximately 75-80% of the 
total daily sodium comes from these processed foods (James, Ralph et al. 1987; Mattes 
and Donnelly 1991; Van Vliet and Campbell 2011), 10-15% comes from salt added at 
the table or in cooking and approximately 10% from natural sources (James, Ralph et 
al. 1987; Mattes and Donnelly 1991).
A recent study conducted in 70 healthy free-living women in South Australia (Keogh, 
Lange et al. 2013) using two four-day weighed food records, found that bread and 
cereals provided 32.5% of the total daily sodium intake and bread alone contributed 
19.0%. This was followed by meat products (14.4%), dairy and eggs (9.6%) and 
combination dishes (8.4%). Another recent small Australian study which included 88 
overweight and obese men and women with Type 2 Diabetes, found that breads and 
cereals provided 23% of the total daily sodium intake (Villani, Clifton et al. 2012).
Finally a small Australian study, conducted on a convenience sample of 78 women 
found that bread and cereals provided 27% of the daily sodium, followed by dressings 
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and sauces (20%) (Charlton, Yeatman et al. 2010).  Food Standards Australia and New 
Zealand (FASNZ) recently used dietary modelling of the 1995 National Nutrition 
Survey data to assess the sources of sodium in Australia and New Zealand and 
calculated that 32% of sodium in the Australian diet came from cereals & cereal 
products (FSANZ 2008). However none of these studies reported food sources of 
potassium. 
Not surprisingly, the main food sources of sodium vary significantly with the cuisine 
of the country. Countries with a similar diet to Australia have also found bread and 
cereals to be a significant source of sodium (see Table 2.7).  So whilst the absolute 
values may differ between countries, bread is the main contributor to daily sodium 
intake in many Westernised countries around the world. 
Table 2.7 Published International data on sources of sodium
Country Study type Main sodium sources
New Zealand 
(Thomson 2009)
National nutrition survey
Bread accounted for 35-43% of the 
total salt intake
France           
(Meneton, Lafay et 
al. 2009)
Cross-sectional dietary 
survey
Bread provided 24% of the total daily 
sodium intake followed by soups 
(18%), cooked pork meats (14%) and 
convenience foods (11%)
United Kingdom 
(Anderson, Appel
et al. 2010)
INTERMAP study
Breads, cereals and grain provided 
35% of the total daily sodium, 
followed by red meat, poultry and 
eggs (20%)
United States 
(Anderson, Appel
et al. 2010)
INTERMAP study
Breads, cereals and grains provide 
20% of the total daily sodium and red 
meat, poultry and eggs contribute 
12%
Switzerland         
(Beer-Borst, 
Costanza et al.
2009).
Random, cross-sectional, 
representative sample
Bread was the main contributor to 
total sodium at 17%, followed by 
cheese at 11%
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Countries whose diet differs significantly to that of Australia such as many Asian 
countries, report the main dietary sources of sodium to be quite different. For example, 
in Japan soy sauce is the main source of sodium (20%), followed by salted vegetables 
and fruits (10%) and miso soup (10%) (Anderson, Appel et al. 2010). Similarly in
China, the major sodium sources are salt added in home cooking (76%) and soy sauce 
(6%) (Anderson, Appel et al. 2010).
2.6.2 Meals as sources of sodium and potassium
There has been very little, if any, research focussing on the meal time distribution of 
sodium and potassium intakes across the day or the food group contributors of sodium 
and potassium within different meals. The timing and context of when a food is 
consumed is part of the food choice matrix and insights into which meals contain the 
most sodium and potassium is useful not only for health care professionals in 
individual counselling but also potentially for food manufacturers and health policy 
makers (Mueller Loose and Jaeger 2012).
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2.7 Dietary patterns
As the relationship between dietary intake and disease is complex, investigating the 
relationship between health outcomes and dietary patterns is a useful tool. Dietary 
patterns have been linked to many different health outcomes, biomarkers of disease 
and risk factors (Kant 2004). Recent studies have reported associations between 
specific dietary patterns and the risk of acute myocardial infarction (Iqbal, Anand et 
al. 2008), CVD risk factors (Eilat-Adar, Mete et al. 2013) and metabolic syndrome 
markers (Ambrosini, Huang et al. 2010).
As discussed previously, the effects on blood pressure of individual nutrients, in 
particular sodium and potassium, have been extensively studied, and it is now widely 
recognised that both a decrease in sodium and an increase in potassium can 
independently reduce blood pressure (He and MacGregor 2011; Taylor, Ashton et al.
2011; Aburto, Hanson et al. 2013; Aburto, Ziolkovska et al. 2013; He, Li et al. 2013).
However, intervention studies focusing on single nutrients often show smaller effects 
on blood pressure than that predicted from observational and epidemiological studies. 
There are several potential reasons for this including the possible interaction of 
nutrients with other nutrients and or food components, the individual effects being too 
small to be detected in isolation, and finally there may be other components in food 
which have a blood pressure lowering effect which only come into play when whole 
foods, rather than single nutrients, are consumed. 
So whilst research on the effects on blood pressure of individual nutrients is certainly 
important, people do not consume single nutrients in isolation. People consume foods 
and foods are a mixture of nutrients and non-nutrients.  Determining the contribution 
of single nutrients to risk factors for disease is difficult due to the interactive and 
synergistic effects between these nutrients and the potential effect of non-nutrient 
components on physiological function.  Furthermore, people usually consume foods 
in specific patterns, so that intakes of certain foods are associated with intakes of 
certain other foods. This means that an intervention study focussing on a changing one
particular nutrient will most likely result in changes in other nutrients. Investigating 
effects of whole diets rather than individual nutrients can provide additional insights 
into the relationship between dietary intakes and health and it is for these reasons that 
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researchers began to focus their attention on whole diet approaches to reducing blood 
pressure.
2.7.1 Whole diet intervention studies
2.7.1.1 The Dietary Approaches to Stop Hypertension (DASH) trial 
The much publicised and quoted Dietary Approaches to Stop Hypertension (DASH) 
diet (Appel, Moore et al. 1997) was developed after consideration of all the evidence 
of single nutrient effects. The DASH trial was the first large, randomised, multi-centre 
dietary intervention study designed to test the combined effect of several nutrients 
previously shown to reduce blood pressure. The DASH diet was rich in fruits, 
vegetables, and low-fat dairy foods and had reduced amounts of saturated fat, total fat, 
and cholesterol (and was thus moderate in sodium and rich in potassium, magnesium, 
calcium, protein and fibre). All food was provided to participants and it was the whole 
dietary pattern that was tested rather than the individual nutrients. The observed falls 
in SBP and DBP in normotensives (3.5 mmHg and 2.1 mmHg, respectively) and 
hypertensives (11.4 mmHg and 5.5 mmHg, respectively), were larger than any seen in 
previous intervention studies. The success of the DASH diet showed that overall 
dietary patterns are important. Following this landmark study, dietary 
recommendations for decreasing blood pressure were made based on combinations of 
foods and food groups (a whole diet pattern) rather than nutrients.
2.7.1.2 The DASH-sodium trial 
The DASH-Sodium trial (Sacks, Svetkey et al. 2001) was a controlled feeding study 
of 412 participants, with all food provided. There were three targets levels of sodium 
intakes (150 mmol / day, 100 mmol / day and 50 mmol / day) across the two diets 
(DASH diet or typical American diet). Participants followed either diet for three 
consecutive 30-day periods, during which time the sodium intake was set at one of the 
three levels. The normotensive participants on the DASH diet at the lowest sodium 
level had a SBP 7.1 mmHg lower than those on the typical American diet at the highest 
sodium level, and the hypertensive participants had an 11.5 mmHg lower SBP. A 
subgroup analysis revealed that both the DASH diet and a low sodium intake were 
associated with significant lowering of blood pressure in all subgroups. This study
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illustrated that a reduction in dietary sodium was able to further reduce blood pressure 
on top of the reduction seen with the DASH diet and further confirmed the low sodium
DASH type diet as the optimal diet for hypertension treatment and prevention.
2.7.1.3 The PREMIER trial
The PREMIER trial (Appel, Champagne et al. 2003; Svetkey, Harsha et al. 2003;
Maruthur, Wang et al. 2009) was a multicentre randomised trial of lifestyle 
modifications (weight loss, sodium reduction, physical activity, limited alcohol and 
the DASH diet) conducted in generally healthy adults with above optimal blood 
pressure. The results confirmed that lifestyle changes can lower blood pressure and the 
observed reductions of 12% to 14% in estimated CHD risk were substantial. 
2.7.1.4 The Diet, Exercise, and Weight Loss Intervention (DEW-IT) Trial
The Diet, Exercise, and Weight Loss Intervention (DEW-IT) Trial (Miller, Erlinger et 
al. 2002) assessed the effects of a nine-week lifestyle intervention which consisted of 
the DASH-type diet, sodium restriction (100 mmol / day), weight loss and aerobic 
exercise in overweight, hypertensive adults taking a single blood pressure medication. 
Participants were randomised to either a lifestyle or a control group. Twenty-four hour 
ambulatory blood pressure decreased in the lifestyle group by 9.5 mmHg SBP and 5.3
mmHg DBP and daytime blood pressure fell by 12.1 mmHg SBP and 6.6 mmHg DBP. 
This study proved that lifestyle interventions, which included a sodium restriction of 
100 mmol per day as well as approximately 6% loss of weight, could further reduce 
blood pressure in overweight adults already taking antihypertensive medication. 
Intervention studies, such as those mentioned above, that have incorporated dietary 
changes using whole foods as the source of nutrients have also been shown to produce 
significant effects on blood pressure. These effects have been similar or greater than 
those focusing on specific nutrients alone, however there are often other factors 
involved. For example in both the PREMIER and DEW-IT trials, weight loss was a 
significant component and this has an additive effect on blood pressure. The DASH 
trial showed a greater blood pressure effect than previous single nutrient trials but it 
was a feeding study where all food was provided to participants under controlled 
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conditions. So whilst there is evidence from both single nutrient studies and whole 
dietary approaches focussing on sodium and potassium for the prevention of chronic 
disease caused by raised blood pressure, one of the benefits of focussing on whole 
dietary approaches is that any practical recommendations and dietary advice derived 
from these studies can then be provided at the food level rather than the nutrient level. 
2.7.2 Statistical approaches to assessing dietary patterns
Rather than designing and implementing intervention studies based on whole dietary 
approaches, dietary intake data can be collected and then statistical approaches used 
to assess dietary patterns. A common statistical approach to assessing dietary patterns 
is to use ‘a posteriori’, or a data-driven approach. This technique involves first 
determining the major dietary patterns of the population being studied and then 
examining the effects of these specific patterns on outcome measures or risk factors 
(Joliffe and Morgan 1992; Hu 2002; Schulze, Hoffmann et al. 2003; Kant 2004). A
different approach is to use ‘a priori’, or a hypothesis oriented approach. Using this 
methodology, diet quality or compliance of the population being studies is assessed or 
scored compared to a guideline or recommendation based on the known scientific 
evidence or prevailing hypotheses for specific diseases.  
Dietary recommendations that are subsequently made after dietary pattern analysis 
using the data-driven approach are based on dietary patterns that already exist within 
a population and are thus likely to be better accepted and therefore potentially more 
successful in achieving dietary change.  Thus a key strength of this type of analysis is 
that it can identify the existing patterns of dietary behaviour within a population and 
determine their effects and also identify population subgroups with patterns of 
behaviour that put them at risk of certain diseases. Another benefit is that the results 
can be directly communicated (via food-based guidelines) to a wider audience and the 
general public without the need for translation from data that relates to individual 
nutrients.
As mentioned previously, many studies have determined the effects of individual 
nutrients on blood pressure (Aburto, Hanson et al. 2013; He, Li et al. 2013) and thus 
several recommendations for specific nutrients already exist (National Health and 
Medical Research Council 2006; World Health Organization 2012; World Health 
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Organization 2012).  However, much less research has examined the effect of dietary 
patterns on blood pressure. In addition, foods and dietary patterns vary considerably 
between countries (Slimani, Fahey et al. 2002), so country specific analysis is required. 
2.7.3 Dietary patterns and blood pressure
Using these statistical approaches, associations between dietary patterns and blood 
pressure have been found in several studies conducted overseas.  The results however, 
are difficult to compare due to the different patterns identified, the different population 
groups analysed and the different methodology used. 
In Japan, a cross-sectional analysis of 6,886 Japanese adults aged 40 to 69 years was 
conducted using dietary data collected from FFQs (Sadakane, Tsutsumi et al. 2008).
Three dietary patterns were identified, namely a vegetable, a meat and a Western 
dietary pattern. The vegetable pattern was characterised by higher intakes of 
vegetables, potatoes, fruits, tofu/fermented soybeans, seaweeds, citrus, beans and dried 
fish and was inversely associated with SBP and DBP in women.
Another cross-sectional study conducted in China (Lee, Cai et al. 2010) on 39,252 men 
aged 40 to 74 years, collected dietary data using an 81-item FFQ and derived three 
dietary patterns using factor analysis. Of the three dietary patterns (vegetable; fruit and 
milk; and meat) the fruit and milk pattern was found to be inversely associated with 
both SBP and DBP, independent of lifestyle and socioeconomic factors and the meat 
pattern was positively associated with DBP.
Shin and colleagues (Shin, Kim et al. 2013) reported on the data from the 2008-2010
Korean National Health and Nutrition Examination Survey. A 63-item FFQ was used 
to examine dietary data from 11,883 adults aged 20 to 64 years. Factor analysis 
revealed three main dietary patterns, namely a traditional pattern, a Western pattern 
and a dairy and carbohydrate pattern. The traditional pattern was high in vegetables, 
fish, seaweed, tofu, fruit and potato and was positively associated with DBP. The 
Western pattern was high in ham, fast food, fats and oils, carbonated beverages, 
noodles, meat, and alcohol and was low in cereals and beans and was positively 
associated with both SBP and DBP. The dairy and carbohydrate pattern was high in 
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bread, snacks, dairy, rice cakes, and sweet potatoes and low in alcohol and was 
inversely associated with both SBP and DBP.
In the Netherlands, van Dam et al (van Dam, Grievink et al. 2003) performed a cross 
sectional analysis of dietary data from 19,750 adults aged 20 to 65 years. A 178-item 
FFQ was used. Three dietary patterns were identified: a traditional, a refined foods and 
a cosmopolitan pattern. The cosmopolitan pattern was characterised by greater 
consumption of vegetable oils, garlic, fried vegetables, rice, salad, chicken, fish, wine, 
pasta and warm sauces and a lower consumption of potatoes and was inversely 
associated with SBP. The traditional pattern was characterised by a higher 
consumption of red meat, processed meat, potatoes, coffee, beer and eggs and a lower 
consumption of soy products, breakfast cereals tea, pastries, fruit and juice and was 
positively associated with SBP.
Using data from a five-day food diary, McNaughton and colleagues (McNaughton, 
Mishra et al. 2007) used exploratory factor analysis to analyse data from 1,265 British 
men and women aged 53 years. Three dietary patterns were identified for women 
(ethnic foods and alcohol; meat, potatoes and sweet foods; and fruit, vegetables and 
dairy) and two for men (ethnics foods and alcohol; and mixed). In women, the fruit, 
vegetables and dairy pattern and the ethnic foods and alcohol pattern were both 
inversely associated with blood pressure. In men, the mixed dietary pattern was 
inversely associated with blood pressure. 
Dietary data from 3,172 American Indian men and women aged over 15 years was 
collected using a 119-item FFQ in a study by Eilat-Adar and colleagues (Eilat-Adar, 
Mete et al. 2013). Factor analysis revealed four dietary patterns: Western, traditional 
American Indian/Mexican, healthy and unhealthy. The Western diet, which consisted 
of a higher consumption of fast food, snack chips, fried potatoes, prepared main dishes, 
sweet beverages and animal fats, was associated with a higher SBP after adjusting for 
confounders. The healthy diet was associated with a lower SBP.
Overall several dietary patterns have been shown to be inversely associated with blood 
pressure in many different populations. These patterns are often based on foods such 
as vegetables, fruit and milk. Other patterns, frequently based on meat and often 
labelled as ‘Western’ or ‘Traditional’ have been shown to be positively related to blood 
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pressure. However the dietary patterns identified in the aforementioned studies all 
differ quite significantly as diets are very much country specific and even region 
specific within some countries. For example the dietary pattern labelled as the 
‘traditional diet pattern’ in an Asian country would be very different to a diet 
categorised as traditional in Australia. Thus caution is needed when comparing results 
from different countries as the dietary patterns are likely to be very different. Dietary 
patterns may also differ considerably among certain groups within a country, 
depending on factors such as age, sex and education level (Evans, Booth et al. 2000;
Kant 2004).
2.7.4 Dietary pattern analysis in Australia
To our knowledge there has been no published data on the association between dietary 
patterns and blood pressure in Australian adults.  There has been some research 
however, conducted in Australian adolescents (McNaughton, Ball et al. 2008;
Ambrosini, Huang et al. 2010).
A study by McNaughton et al (McNaughton, Ball et al. 2008) used factor analysis to 
identify three unique dietary patterns in a sample of 764 Australian adolescents. Data 
from the 1995 Australian National Nutrition Survey was used. The three patterns were 
a fruit, salad, cereals and fish pattern; a high fat and sugar pattern; and a vegetables 
pattern. Among a subset of 282 older (>16years) adolescents, there was an inverse 
association between the fruit, salad, cereals and fish pattern and DBP after adjustment 
for age, sex and physical activity. No association with SBP was observed after 
adjustment for confounders.  
Ambrosini et al (Ambrosini, Huang et al. 2010) also used factor analysis to examine 
the dietary patterns present in a group of 1139 adolescents aged 14, who were offspring 
of a group of women who had enrolled in a study whilst pregnant. The children were 
followed up routinely as part of an ongoing study. Two major dietary patterns were 
observed and named the healthy and Western dietary patterns. There were no 
associations with SBP found for either dietary pattern but there were associations with 
some other CVD risk factors. 
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2.8 Rationale
While several dietary changes known to decrease blood pressure have now been 
established (decreased sodium, increased potassium and potentially lower sodium-to-
potassium molar ratio), there has been minimal recent data on the dietary intakes of
these important nutrients in the Australian setting. Furthermore, very few studies have 
examined which foods or meals are the main providers of sodium and potassium. No 
Australian studies have determined whether there are particular dietary patterns that
are associated with higher blood pressure in Australian adults. This lack of recent, 
reliable Australian data is the rationale for the research performed in this thesis. 
2.9 Aims
The overarching aims of this PhD were:
1. To quantify dietary intakes of sodium and potassium within a sample of 
Australian adults using 24 hr urinary excretion, 
2. To identify the food sources and contribution of meals and snacks to dietary 
intake of sodium and potassium and;
3. To identify the dietary patterns associated with higher or lower blood pressure. 
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2.10 Overview of the studies
Study one (Chapter 4) focuses on the dietary intakes of the two main nutrients involved 
in the development of hypertension (namely sodium and potassium).  This chapter 
assesses the dietary sodium and potassium intake of a sample of free-living middled 
aged Australian men and women and compares dietary intake assessment using dietary 
methodology to the gold standard of urinary excretion. A comparison of intakes to 
current recommendations is also made.
Study two (Chapter 5) evaluates the contributions that specific foods make to total 
dietary sodium and potassium in a group of free-living Australian adults, in order to 
ascertain the most common food sources of these nutrients. The meals that provide the 
most sodium and potassium are also determined and the differences in sodium density 
and potassium density of meals are explored. The main results from Study two have 
been published in the journal Nutrition and Dietetics ((published: Nutrition and 
Dietetics, 2013; 70: 294-299).
Study three (Chapter 6) examines the dietary patterns of a sample of Australian adults 
and explores the associations between dietary patterns and blood pressure and also 
between dietary patterns and intakes of sodium and potassium. The main results from 
Study three have been submitted to the journal European Journal of Clinical Nutrition
(October 2013) and sent out for peer review.
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CHAPTER 3
3. Methods
3.1 Participants
Data used for each of the subsequent studies in this thesis (Study one, two and three) 
were collected from adult volunteers prior to commencing four dietary intervention 
studies conducted between 2002 and 2006 at Deakin University, Australia. Data used 
for these analyses were collected from participants whilst on their usual diet as the aim 
was to assess usual reported dietary intake, prior to any dietary modification. 
3.1.1 Original intervention studies 
The four original intervention studies (Study A, Study B, Study C, Study D) were 
designed to test the effect on blood pressure of different dietary modifications in free-
living adults. Details of the methodologies and main blood pressure results of three of 
the studies have been reported previously (Nowson, Worsley et al. 2004; Nowson, 
Worsley et al. 2005; Nowson, Wattanapenpaiboon et al. 2009) and are explained in 
brief below. For a more detailed explanation of the original intervention studies please 
see Appendix A. 
3.1.2 Study participants
3.1.2.1 Recruitment to intervention studies
Recruitment of study participants for each of the four original dietary intervention 
studies occurred via advertising in local newspapers and/or blood pressure screening 
sessions held at worksites, local shopping centers or Deakin University’s Nutrition 
Research Centre.  
3.1.2.2 Eligibility for intervention studies
Free-living male and female participants from the community who were over 25 years 
of age and had a screening blood pressure of  120 mmHg systolic (but < 160 mmHg) 
RU  80 mmHg diastolic (but < 90 mmHg) were invited to participate in the 
intervention studies. Participants who were taking antihypertensive medication were 
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included, provided they were willing to maintain their current medication level. Those 
participants who were excluded based on a screening or office blood pressure of >160 
mmHg SBP or >90 mmHg DBP were advised to seek medical advice.
A questionnaire was used for further screening and participants were excluded based 
on the following:
x a cardiovascular event in the past six months
x insulin dependent diabetes
x taking medications such as Warfarin or Dilantin
x main meal consumed outside the home more than twice per week
x more than 30 standard (10 g alcohol) alcoholic drinks consumed per week
x unwilling to cease taking dietary supplements (including vitamins)
x planning to change smoking habits
x pregnant, trying to get pregnant or breastfeeding
x a BMI of > 35 kg / m2 or a weight of > 150 kg
There were some extra study-specific exclusion criteria as follows:
x Study B excluded females and those with a BMI of < 25 kg / m2
x Study C excluded females
x Study D excluded males and any females taking hormone replacement therapy. 
3.1.2.3 Pooled dataset for current analyses (Study one, two and three)
Data from all four intervention studies were pooled and utilised in studies one, two 
and three of this thesis (chapters four, five and six respectively).  This included data 
from participants who a) entered the intervention period of the studies (n=258), or b) 
were excluded from the intervention studies after the initial baseline visit (n=30) due 
to not meeting the blood pressure entry criteria (office blood pressurePP+J
6%3RUPP+J'%3KRPHblood pressurePP+J6%3RUPP+J'%3
(mean of daily measurement over seven days)) or c) dropped out of the intervention 
studies after the initial visit (n=11). There were data from a total of 299 participants in 
the pooled dataset (Table 3.1). 
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Table 3.1 Data included in the pooled dataset 
Study
Males
(n)
Females
(n)
TOTAL
(n)
A 61 42 103
B 51 3 54
C 29 0 29
D 0 113 113
141 158 299
Each of the studies in the current analysis (Study one, two and three) had different 
inclusion criteria as described in detail in sections 4.2, 5.2 and 6.2 in chapters 4, 5 and 
6 respectively. Table 3.2 summarises the inclusion criteria for each study and the final 
numbers in each study.
Table 3.2 Inclusion criteria for each study 
Study Chapter Topic Inclusion criteria n
One 4 Dietary intake 
and urinary 
excretion of 
sodium and 
potassium
Two 24 hr dietary 
recalls and at least 
one complete* 
urine sample
194
(135 females and 59 males)
Two 5 Dietary 
sources and 
meal 
distribution of 
sodium and 
potassium
At least one 24 hr
dietary recall
299
(158 females and 141 males)
Three 6 Associations 
between 
dietary patterns 
and blood 
pressure
Two 24 hr dietary 
recalls
251
(139 females and 112 males)
* for a definition of a complete urine sample, please see section 3.4 below
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3.2 Measurement of blood pressure 
3.2.1 Screening blood pressure
Screening blood pressure was measured at worksites, shopping centres or Deakin 
University’s Nutrition Research Centre, using an automated blood pressure monitor 
(A&D Instruments, Oxon, UK). Participants were seated for all blood pressure 
measurements.  Mean screening blood pressure was calculated using the average of 
the last two of three measurements, taken at one-minute intervals following a two-
minute rest period.
3.2.2 Office blood pressure
Office blood pressure was measured at the first visit to the worksite, or Deakin 
University’s Nutrition Research Centre, using automated blood pressure monitor 
(A&D Instruments, Oxon, UK).  A strict protocol was followed for all office blood 
pressure measurements (see Appendix B). Participants were seated, instructed not to 
talk and measurements were taken on the left arm. Mean office blood pressure was 
calculated using the average of the last three of four measurements, taken at two-
minute intervals following a five-minute rest period. 
3.2.3 Home blood pressure
Participants measured their home blood pressure daily under standardised conditions 
(at the same time of day, whilst seated, on their left arm), over a one-week prior to the 
commencement of dietary intervention using an automated blood pressure monitor 
(AND Model UA-767 for the 2002 study or UA-767-PC, A&D Co. Ltd, Tokyo, 
Japan). Detailed verbal and written instructions were provided to participants (see 
Appendix B). Three measurements were taken at one-minute intervals following a 
five-minute rest period.  
Home blood pressure measurements were either recorded by participants (for those 
using the AND Model UA-767 machines) or automatically recorded and stored on the 
machine and then uploaded by study staff at the study visit (for those using the AND 
Model UA-767-PC machines). The mean daily home blood pressure was calculated as 
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the mean of the last two of three measurements. The daily means were averaged over 
the week to determine the home blood pressure for that week. 
3.3 Measurement of dietary intake
Dietary intake was measured using 24 hr dietary recall methodology. Participants were 
encouraged to keep recipes or labels from all food products consumed and were also 
encouraged to keep a record of what was eaten, using household measures, to assist 
with the 24 hr dietary recall. The 24 hr dietary recalls documented all food and 
beverages consumed from midnight to midnight on the day prior to the interview and 
included some information on cooking methods. The interviews were completed at the 
participant’s worksite or at the Nutrition Research Centre by a trained researcher in 
conjunction with the participant, during an in-person interview. Food models were 
used to assist with portion size estimation. 
The number of 24 hr dietary recalls performed whilst on the usual diet for each of the 
original intervention studies is shown in Table 3.3. For Study A, B and D, dietary 
intake was measured using two 24 hr dietary recalls on random, non-consecutive days. 
For Study C, a single 24 hr dietary recall was used. As the number of days of dietary 
recording increases, so does the likelihood of it being more representative of usual 
intake. However, the increase in participant burden can affect both recruitment and 
compliance and this was taken not account when designing the protocols for the four 
original intervention studies. 
Table 3.3 Number of 24 hr dietary recalls on usual diet 
Intervention 
study
Number of 24 hr dietary recalls
on usual diet
A 2
(one week apart)
B 2
(two weeks apart)
C 1
D 2
(two weeks apart)
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Dietary information was entered into a dietary analysis program to calculate mean 
daily nutrient intakes (FoodWorks, Professional Edition, Xyris Software, Brisbane,
Australia. Version 3.02 for the 2002 and 2003 data, and Version 4 for the remaining 
data).  
Mean sodium (Na), potassium (K) and energy (E) intakes were calculated from the 24
hr dietary recall(s) and expressed as mmol / day for sodium and potassium and MJ / 
day for energy.
The sodium-to-potassium molar ratio (Na:K) was calculated using the following 
formula:
Na:K = Na (mmol / day) / K (mmol / day)
3.3.1 Food composition database
FSANZ produces the Australian Food Composition Program which involves the 
compilation and publication of nutrient databases (Food Standards Australia and New 
Zealand 2013). Two relevant published databases are developed by FSANZ and are 
available for use by Australian researchers and food manufacturers. NUTTAB 
(NUTrient TABles for use in Australia) is the reference nutrient database for Australia. 
AUSNUT (AUStralian Food and NUTrient database) is a series of nutrient databases 
developed specifically for national nutrition surveys. The nutrient data is generated 
through both direct chemical assays of nutrients and extrapolation from chemical 
analysis performed in other countries on similar food products. Although some 
databases utilise information of nutrient content displayed on food labels these are 
much more likely to be in error and are not recommended for estimation of nutrients, 
except in cases where no comparable food with the relevant nutrition information 
exists in the database. NUTTAB contains a wide range of foods and nutrients and 
contains mostly analysed data rather than data collected by other methods as listed 
above. 
The most recent database versions available at the time of data collection were
NUTTAB 1995 (Lewis, Milligan et al. 1995) and AUSNUT 1999 (Food Standards 
Australia New Zealand 1999). Updated sodium values were added to AUSNUT 1999 
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in 2002 and included in FoodWorks from Version 3.02.  AusFoods (Brands) was used 
where possible which was based on data obtained from food manufacturers. To assist 
in maximising the accuracy of the analysis, any food products that were not already in 
the food composition database (for example no added salt baked beans) were entered 
as new foods using the nutrition information from the food label of the products (n=67) 
and given a three-digit food code. Recipes were obtained from participants as required 
(n=405) and were entered into the database, assigned to that participant and given a 
three-digit AUSNUT food code.
3.3.2 Discretionary salt usage
Discretionary salt was defined as salt added at the table or in cooking. The sodium 
intake estimated using dietary assessment methodology (two 24 hr recalls) did not 
include any allowance for discretionary salt intake due to the inaccuracy of estimations 
of salt added at the table and in cooking. Studies have shown that estimating 
discretionary salt using either by dietary recall or weighing is inaccurate compared to 
the gold standard lithium marker technique (Melse-Boonstra, Rexwinkel et al. 1999;
Mustafa, Muslimatun et al. 2006). In the current study, participants were asked if they 
did add any salt at the table or used any salt in cooking for each day of dietary 
information collection. No added salt (NAS) was defined as not using any 
discretionary salt on either day of dietary information collection. Added salt (AS) was 
defined as using any discretionary salt on one or both days of dietary information 
collection.
3.3.3 Misreporting 
In the current study no participants were excluded for under or over reporting. Due to 
significant day to day variation in dietary intake, identifying over or under reporting 
of an individual’s energy intake using a single 24 hr dietary recall is associated with 
significant uncertainty (Brustad, Skeie et al. 2003).
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3.4 Measurement of urinary excretion
Participants were given detailed written and verbal instructions on how to accurately 
collect complete 24 hr urine samples (see Appendix C) and were provided with two 
2L wide mouthed urine containers. Briefly, participants were asked to urinate to empty 
their bladder as soon as they got up in the morning and discard this sample but record 
this time, which was the start of the 24 hr collection period. They were then asked to 
collect all subsequent urinations including the first void the next morning. Participants 
were asked to aim for this final void to be the same time as the start of the 24 hr
collection period.  The time of this final collection was recorded and any missed 
urinations were noted. The urine sample was returned to the worksite or Nutrition 
Research Centre on the day of the visit, not more than 24 hours following completion 
of the collection. The number of 24 hr urine collections performed whilst on the usual 
diet for each of the original intervention studies is shown in Table 3.4.
Table 3.4 Number of 24 hr urine collections on usual diet
Intervention 
study
Number of 24 hr urine collections
on usual diet
A 1
B 0
C 1
D 2
(two weeks apart)
The urine sample was weighed and refrigerated at 4oC.  The total weight (used to 
estimate volume) was recorded prior to aliquots being taken. Aliquots were stored at -
80oC prior to being thawed and assayed. Samples were taken and concentrations of 
urinary electrolytes and creatinine were assayed using a Hitachi 704 analyzer 
(electrodes and reagents supplied by Boehringer Mannheim GmbH, Mannheim, 
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Germany, Roche). The intra- and inter-assay variability was less than 5% and 6%, 
respectively. 
The total 24 hr excretion was determined using the following formula:
mmol / 24 hr = concentration (mmol / ml) x 24 hr volume (ml / 24 hr)
Urinary excretion over the 24 hr period for both sodium and potassium was assumed 
to equate directly to daily intake.  Urinary creatinine excretion, calculated for the 24
hr period, was used to assess completeness of the sample.
Urine collections were considered inaccurate and the data subsequently excluded, if 
one or more of the following applied:
x urinary creatinine < 5.0 mmol / day for women and < 6.0 mmol / day 
for men, in conjunction with a 24 hr urine collection of < 1 L 
x self-reported incomplete collection 
x collection time < 23 hours or > 25 hours or final time not recorded 
x collection volume < 500 ml or not recorded 
x missing or not returned sample 
Additionally there were 10 participants from Study D who had one of their two 
samples excluded based on either: the sample missing or not being returned (n=5), 
creatinine and volume too low (n=1), no volume being recorded (n=3), or the final 
time not recorded (n=1). The data for these participants was thus based on a single 
urine collection. Urine samples that were not excluded as per the above criteria were 
considered complete and were used the analysis. 
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3.5 Anthropometry
Body weight was measured to the nearest 0.05 kg on digital scales (UC-321 Precision 
Personal Health Scale, A&D Weighing, Australia) on a firm surface with participants 
wearing light clothing and no shoes. Height was measured to the nearest 0.1 cm using 
a stadiometer (Portable Height Scale, Mentone Educational, Australia). BMI was 
calculated from measured height and weight using the following formula:
BMI (kg / m2) = wt (kg) / ht (m)2
3.6 Other measurements
All participants completed a set of self-administered questionnaires which covered 
demographic information (age and sex), how often they ate out, alcohol intake, 
medical conditions, smoking status, nutritional supplement use, the use of medications 
including antihypertensive medications, education level and physical activity (see 
Appendix D).
Smoking status was defined as current smoker, ex-smoker or non-smoker. Education 
level was defined by the highest level of schooling attained. For the purpose of this 
analysis, a participant was considered physically active if either a self-report of more 
than four hours per week of vigorous physical activity (Study A) or a self-report as 
either quite active, very active or extremely active (Study B, C and D) over the past 
four weeks.
3.7 Ethics
The original studies were approved by the Deakin University Human Research Ethics 
Committee (Study A: EC 39-2001; Study B: EC 8-2003; Study C: EC 9-2003 and 
Study D: EC 266 -2004) and all protocols conformed to the provisions of the 
Declaration of Helsinki.  The subsequent analysis was granted exemption from ethics 
review in accordance with the NHMRC National Statement on Ethical Conduct in 
Human Research (2007), Section 5.1.22, as negligible risk research involving only 
non-identifiable data or records (EC 47-2009: Dietary intake and blood pressure). All 
study participants were given a copy of the plain language statement, and then prior to 
commencing the study, provided written informed consent (see Appendix E).
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CHAPTER 4
STUDY ONE: Dietary Intakes of Sodium and 
Potassium
4.1 Introduction 
There are two commonly used methods of estimating dietary intakes of sodium and 
potassium: 1) dietary assessment, which includes 24 hr records/recalls, food diaries or 
food frequency questionnaires; and 2) urinary assessment, which includes 24 hr urine 
collections, overnight urine collections or potentially spot (casual) urine collections. 
The most objective measure and thus the gold standard for measuring dietary sodium 
intake is assessment of 24 hr urinary sodium excretion (Dyer, Elliott et al. 1997) as 
approximately 95% of ingested sodium is excreted in the urine (James, Ralph et al.
1987; World Health Organization 2007). The concentration of sodium in spot urines 
varies too much during the day for them to be useful in accurately determining daily 
sodium excretion (World Health Organization 2007; MRC – Human Nutrition 
Research 2008; Vandevijvere, De Keyzer et al. 2010).
Despite it being an objective measure, there are some potential errors in 24 hr urinary 
assessment such as incomplete sampling, variable rates of excretion and increased 
other losses, for example through sweat or faeces (Espeland, Kumanyika et al. 2001).
However, the gold standard remains 24 hr urine collections, particularly for sodium. 
Measurement of 24 hr urinary excretion also provides an acceptable assessment of 
daily dietary potassium intake (INTERSALT 1988). Some potassium however, is 
excreted in faeces (Leiba, Vald et al. 2005) and the amout of faecal potassium 
excretion is greater than for sodium (Espeland, Kumanyika et al. 2001). Faecal 
potassium excretion also increases with increased fibre intake (Institute of Medicine 
2005; Tasevska, Runswick et al. 2006). Overrall it is estimated that approximately 
15% of ingested potassium is excreted in the faces (Espeland, Kumanyika et al. 2001;
Leiba, Vald et al. 2005).
Estimation of dietary intake of specific nutrients using dietary assessment tools 
appears to be a less accurate measurement of actual daily intake due to the potential 
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errors associated with dietary assessment. Such errors include incomplete or inaccurate 
food composition databases, missing dietary data, self-reporting errors or bias, and in 
the case of sodium, the difficulty in quantifying discretionary salt usage (salt added in 
cooking and at the table) (Clark and Mossholder 1986; James, Ralph et al. 1987).
These issues result in an underestimation of sodium when using dietary assessment 
compared to 24 hr urinary assessment which is estimated to capture 95% of total daily 
sodium consumed (Espeland, Kumanyika et al. 2001; Dennis, Stamler et al. 2003;
Leiba, Vald et al. 2005; Olafsdottir, Thorsdottir et al. 2006; Reinivuo, Valsta et al.
2006; World Health Organization 2007). In contrast, there is an overestimation of 
potassium as using dietary assessment compared to 24 hr urinary assessment, as 
approximately 15% of ingested potassium is excreted in faeces and thus not absorbed.  
An important benefit of dietary assessment however, is its ability to determine the food 
sources of nutrients, which is not possible using urinary assessment. 
4.1.1 Measuring sodium and potassium intakes at the population level
In contrast to determining the sodium and potassium intakes of an individual, 
determination of the mean population intake is useful in assessing the proportion of 
the population above or below recommended intake levels as well as measuring or 
monitoring any changes in overall intake. While the use of several urinary collections 
would be considered ideal, for large population studies it is difficult to obtain multiple 
24 hr urine collections and one 24 hr urine collection per individual has been 
commonly used to measure the population sodium intake (INTERSALT 1988). At the 
population level it has been estimated that a single 24 hr urine sample from a 
representative sample of 100 men and 100 women would estimate the mean sodium 
intake with 95% CI around the mean of ± 12 mmol / day (World Health Organization 
2007). It is recommended that a 24 hr urine sample from at least 150-200 people per 
different subgroup being studied (for example, based on sex, socioeconomic status, 
age) be collected to accurately predict the mean population intake (World Health 
Organization 2010). In some population surveys, even single 24 hr urine collections 
are considered too costly, burdensome and impractical, so dietary assessment methods 
such as 24 hr recalls and food records are commonly used instead to quantify mean 
intakes (Alderman, Cohen et al. 1998) despite the aforementioned limitations.  
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The World Health Organization emphasises the importance of monitoring population 
sodium intake using the gold standard 24 hr urine collections (World Health 
Organization 2010). Unfortunately however, in Australia there has never been a large 
population study conducted which has used 24 hr urine collections to assess dietary 
sodium and potassium intakes.  Some smaller Australian studies with sample sizes 
ranging from 38 to 783 adults have reported mean sodium intakes using either a single 
24 hr urine sample (Beard, Woodward et al. 1997; Nowson, Morgan et al. 2003;
Hodgson, Burke et al. 2006; Keogh, Luscombe-Marsh et al. 2007; Brinkworth, 
Wycherley et al. 2008; Charlton, Yeatman et al. 2010; Ireland, Clifton et al. 2010;
Huggins, O'Reilly et al. 2011; Villani, Clifton et al. 2012) or two 24 hr urine samples
(Keogh, Lange et al. 2013). But most of the studies are small and not nationally 
representative. Furthermore, the last Australian National Nutrition Survey (Australian 
Bureau of Statistics 1998) did not conduct 24 hr urine collections and did report on 
dietary assessment of sodium intake.  
4.1.2 Measuring sodium and potassium intakes in individuals
Measurement of an individual’s sodium and potassium intake is important in the 
assessment of individual disease risk and can also be used in individual hypertension 
management (Leiba, Vald et al. 2005). However, there are large day to day variations 
in an individual’s sodium intake (Dyer, Elliott et al. 1997; Espeland, Kumanyika et al.
2001) and thus to accurately determine an individual’s sodium intake, multiple 24 hr
urine collections are necessary. It has been suggested that three to 14 collections may 
be required to characterise the sodium intake of an individual (Liu, Cooper et al. 1979;
Parks, Goldfisher et al. 2002).  Multiple 24 hr urine collections obviously place 
considerable burden on the individual and dietary assessment may be used as an 
alternative due to time, money and ease of collection. Dietary assessment methods are 
commonly used in the clinical setting by dietitians to assess the dietary intake of an 
individual as per best practice guidelines (Ash, Campbell et al. 2006). It is not common 
practice for patients, even those with hypertension, to provide 24 hr urine collections 
to assess dietary intake of sodium and potassium.
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4.1.3 Rationale, aims and hypotheses
The sodium and potassium intake of community dwelling adults in Australia has not 
been well characterised and few studies in Australia have assessed the intake of sodium 
and potassium utilising both dietary assessment and 24 hr urine. As a result the 
association between dietary assessment and urinary assessment of sodium and 
potassium intakes in Australian community dwelling adults has not been extensively 
studied. Therefore is not known how well dietary assessment methods such as 24 hr 
recalls correlate with 24 hr urine measurement in the Australian setting and if 24 hr 
recalls provides a reasonable estimate of 24 hr urinary output in specific subgroups.  
The aims of this study were:
1. to assess dietary intake of sodium and potassium in a sample of free living 
Australians utilising both dietary methodology (two 24 hr dietary recalls) and 
24 hr urine collections;
2. to determine if dietary assessment of sodium and potassium (using two 24 hr
dietary recalls) can:
a) provide an estimate of group mean 24 hr urinary excretion of sodium 
and potassium;
b) be used to predict the proportion of the group who meet dietary intake 
recommendations for sodium and potassium as assessed by 24 hr
urinary excretion overall and in specific subgroups;
c) provide a useful estimate of individual 24 hr urinary excretion of 
sodium and potassium.  
The hypotheses were:
x Mean sodium intakes will be higher than national recommendations and mean 
potassium intakes will be lower when assessed using two 24 hr dietary recalls 
and 24 hr urinary excretion;
x Data from two 24 hr dietary recalls will provide an adequate assessment of the 
population mean sodium and potassium intake as measured by 24 hr urinary 
excretion;
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x Data from two 24 hr dietary recalls will be able to adequately classify the 
proportion of people who meet the sodium and potassium recommendations as 
determined by 24 hr urinary excretion;
x Data from two 24 hr dietary recalls will not provide an acceptable estimate of 
sodium and potassium at an individual level as measured by 24 hr urinary 
assessment.
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4.2 Methods
4.2.1 Study participants
See Chapter 3 Methods, 3.1 Participants
Of the 247 eligible participants, 48 were excluded from this analysis on the basis of 
missing dietary data and three were excluded on the basis of incomplete or inaccurate 
urine collection. Two participants were excluded because they had participated in two 
of the intervention studies (only the data from the first study they were involved in was 
used). Data from 194 participants (135 females and 59 males) who had two 24 hr
dietary recalls and at least one complete urine sample were used in this analysis (Table 
F1a, Appendix F). 
4.2.2 Dietary assessment
See Chapter 3 Methods, 3.3 Measurement of dietary intake
4.2.3 Urinary assessment
See Chapter 3 Methods, 3.4 Measurement of urinary excretion
Table F1b in Appendix F shows the number of urine samples provided in each of the 
original intervention studies. Although 88 female participants provided two urine 
samples, only the first sample was included in this analysis as there was no difference 
between the two samples in sodium or the sodium-to-potassium molar ratio and an 
insignificant difference in potassium (Table F2, Appendix F).
Approximately half (51%) of participants completed the urinary and dietary data 
collections on the same day. Another 30% completed the 24 hr urine collection one 
day before or after the 24 hr dietary recall and a further 11% completed it within two 
days. The mean (SD) number of days between the 24 hr dietary recall and the urinary 
collection was 1.16 (2.65) days and ranged from 0 to 21 days.
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4.2.4 Anthropometry
See Chapter 3 Methods, 3.5 Anthropometry
4.2.5 Demographics and lifestyle factors
See Chapter 3 Methods, 3.6 Other measurements
4.2.6 Statistical analysis
Data were analysed using PASW (version 17.0; PASW Inc., Chicago, IL, USA).  P 
values of < 0.05 were considered to be significant. Descriptive statistics are presented 
as mean (SD) or number (%) as applicable. The 24 hr urinary sodium excretion results 
are presented as mmol / 24 hr and the dietary recall data is presented as mmol / day.
Normality of continuous variables (age, BMI, dietary sodium, dietary potassium, 
dietary Na:K, urinary sodium, urinary potassium and urinary Na:K) was determined 
using the Kolmogorov-Smirnov test and visual inspection of the histograms. All 
continuous variables were considered to be normally distributed on visual inspection 
of histograms. 
Independent sample t-tests were used to examine the differences between males and 
females in dietary and urinary measures of nutrients. Paired sample t-tests were used 
to compare dietary and urinary measurements. Differences across different salt usage 
and BMI categories were assessed using one-way ANOVA. Pearson’s linear 
correlation analysis was used to compare dietary and urinary measures of nutrients. In 
order to determine the ability of dietary assessment (two 24 hr recalls) to classify 
intakes as high or low, data were split into tertiles of intakes of sodium, potassium and 
Na:K using both dietary and urinary assessment. Tertile misclassification was assessed 
using chi-VTXDUHGȤDQDO\VLVDQGPHDQGLHWDU\DQGXULQDU\YDOXHVIRUHDFKWHUWLOH
were compared using paired sample t-tests.  Differences in the proportion of males and 
females meeting targeWVZHUHGHWHUPLQHGXVLQJȤDQDO\VLV
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The Bland Altman technique (Bland and Altman 1986) was used to assess the level of 
agreement between dietary and urinary measures of sodium, potassium and Na:K 
whereby the difference between the two assessment methods (dietary – urinary) is 
plotted against the average of the two methods ((dietary + urinary) / 2). The 95% limits 
of agreement (LOA) are then calculated as the mean + 2SD and mean - 2SD. The 
acceptability of the LOA is based on clinical judgment rather than set cut off values.   
There is no statistical test involved but rather relies on a subjective assessment and 
interpretation by relevancy. 
4.2.7 Ethics
All studies were approved by the Deakin University Human Research Ethics 
Committee (See Chapter 3 Methods, 3.7 Ethics). 
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4.3 Results
Of the 344 eligible participants, 194 (56%) had two 24 hr dietary recalls and at least 
one complete 24 hr urine collection and were thus included in this analysis. The 
characteristics of all 194 adult participants (135 females and 59 males) are shown in 
Table 4.1. The males were younger (P=0.02), taller (P<0.001) and heavier (P<0.001),
than the females but there was no difference in BMI or antihypertensive medication 
usage (Table 4.1).  
Table 4.1 Participant characteristics
All
(n=194)
Males
(n=59)
Females
(n=135)
Age (years) 57.2 (8.0) 54.7 (10.9)* 58.3 (6.2)
Using antihypertensive 
medication (n, %)
78 (40%) 24 (41%) 54 (40%)
Height (cm) 166.6 (9.0) 175.7 (6.0)*** 162.6 (7.0)
Weight (kg) 81.3 (13.6) 88.8 (13.4)*** 78.0 (12.3)
BMI (kg/m2) 29.3 (4.2) 28.7 (3.6) 29.5 (4.4)
BMI category†
BMI<25 kg/m2 (n, %) 28 (14%) 6 (10%) 22 (16%)
BMI25-30 kg/m2 (n, %) 81 (42%) 34 (58%) 47 (35%)
BMI>30 kg/m2 (n, %) 85 (44%) 19 (32%) 66 (49%)
Values are mean (SD) or number (%) 
Abbreviations: BMI, body mass index; Na, sodium; K, potassium
Significant difference between males and females, *P<0.05, ***P<0.001 (Independent samples t-test) 
Significant difference in proportions between males and females, †P<0.05 (Chi-square test)
4.3.1 Mean sodium and potassium intakes
The mean daily dietary intake of sodium and potassium (measured by two 24 hr dietary 
recalls) and the mean 24 hr urinary excretion of sodium and potassium (measured by 
a single 24 hr urine collection) are shown in Table 4.2.  Compared to females, males 
had a 41% higher dietary sodium (P<0.001) and a 26% higher dietary potassium intake
(P<0.001), but there was no difference in dietary Na:K. Males had a 51% higher 
urinary sodium (P<0.001), a 33% higher urinary potassium (P<0.001), and an 11%
higher urinary Na:K (P=0.048) (Table 4.2) than females.  
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Table 4.2 Mean (95% CI) sodium and potassium intakes
All
(n=194)
Males
(n=59)
Females
(n=135)
SODIUM
Urinary Na1
(mmol / 24 hr)
129.4 (55.7)
121.5 – 137.3
170.9 (53.0)
157.1 – 184.8
111.2 (46.4)***
103.3 – 119.1
Dietary Na2
(mmol / day)
113.2 (45.5)
106.7 – 119.6
142.1 (49.5)
129.2 – 155.0
100.6 (37.4)***
94.2 – 106.9
POTASSIUM
Urinary K1
(mmol / 24 hr)
69.8 (26.4)
66.1 – 73.6
85.3 (24.8)
78.8 – 91.8
63.1 (24.3)***
59.0 – 67.2
Adjusted^
urinary K1
(mmol / 24 hr)
82.2 (31.1)
77.8 – 86.6
100.3 (29.2)
92.7 – 107.9
74.2 (28.6)***
CI  69.4 – 79.1
Dietary K2
(mmol / day)
89.2 (27.5)
85.4 – 93.1
109.1 (28.2)
101.7 – 116.4
80.6 (22.2)***
76.8 – 84.4
Na:K
Urinary Na:K1
1.98 (0.84)
1.86 – 2.10
2.15 (0.80)
1.94 – 2.36
1.91 (0.85)*
1.76 – 2.05
Dietary Na:K2
1.33 (0.52)
1.26 – 1.40
1.35 (0.50)
1.22 – 1.48
1.32 (0.54)
1.23 – 1.41
Values are mean (SD) and 95% confidence intervals
1from a single 24 hr urine collection
^Adjusted for 85% collection of potassium in urine
2from mean of two 24 hr dietary recalls 
Significant difference between males and females, *P<0.05; ***P<0.001 (independent samples t-test) 
4.3.1.1 Effect of BMI, age and antihypertensive use on mean intakes of sodium, 
potassium and Na:K
Those with a BMI less than 25 kg / m2 had lower urinary sodium excretion than those 
with a BMI greater than 30 kg / m2 however, urinary potassium excretion and urinary 
Na:K excretion was not different across different BMI categories (Table 4.3).  There 
were no differences in intakes assessed by dietary assessment methodology across 
BMI categories (data not shown). Older participants had a lower urinary potassium 
excretion but there was no difference in their urinary sodium excretion or urinary Na:K 
excretion (Table 4.3) and no difference in intakes assessed by dietary assessment 
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methodology between the two age groups (data not shown).   There was no difference 
in urinary or dietary sodium, potassium or Na:K, between those who took 
antihypertensive medications and those who did not (Table 4.3).   Data for males and 
females is shown in Table F3, Appendix F. 
Table 4.3 Association of urinary sodium, potassium and Na:K with participant 
demographics
Urinary Na1 Urinary K1 Urinary Na:K1
mean (SD)
(95% CI)
P
value
mean (SD)
(95% CI)
P value
mean (SD)
(95% CI)
P
value
BMI category
BMI <25 kg/m2 
(n=28)
109.7 (42.1)
93.4-126.0
0.025*
63.3 (31.5)
51.1-75.6
0.258
1.98 (0.82)
1.66-2.30
0.713
BMI 25-30 kg/m2
(n=81)
124.8 (53.3)
113.0-136.6
69.1 (23.7)
63.9-74.4
1.93 (0.85)
1.74-2.12
BMI 30+ kg/m2
(n=85)
140.2 (59.8)
127.3-153.1
72.7 (27.0)
66.8-78.5
2.04 (0.84)
1.88-2.12
Age category
Age less than the 
median (n=97)
136.4 (60.6)
124.2-148.7
0.077
74.2 (27.9)
68.6-79.9
0.019†
1.96 (0.83)
1.79-2.13
0.682
Age greater than 
the median (n=97)
122.3 (49.5)
112.3-132.3
65.4 (24.3)
60.5-70.3
2.01 (0.85)
1.84-2.18
Antihypertensive medication use
Using 
antihypertensive 
medication (n=78)
133.2 (54.1)
120.9-145.4
0.439
68.1 (25.3)
62.4-73.8
0.453
2.09 (0.10)
1.88-2.29
0.151
Not using 
antihypertensive 
medication 
(n=116)
126.8 (56.8)
116.4-137.3
71.0 (27.3)
66.0-76.0
1.91 (0.07)
1.77-2.06
1from a single 24 hr urine collection
*Mean values were different between lowest and highest BMI category P<0.05 (one-way ANOVA, Welch 
post-hoc test)
†Mean values were different between categories P<0.05 (independent sample t test)
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4.3.1.2 Effect of discretionary salt usage on mean intakes
Of the 194 participants, 120 (62%) were specifically asked about discretionary salt 
usage, which was defined as adding salt at the table or in cooking. Only 33% of 
participants were categorised as no added salt (NAS). No significant differences were 
observed in sodium intakes assessed by dietary or urinary assessment methods across 
discretionary salt usage categories (Table 4.4).  Similar results were found for males 
and females separately (Table F4, Appendix F).
Table 4.4 Mean sodium intakes for different discretionary salt usage categories
NAS
(n=41)
AS
(n= 79) P value1
Urinary Na1
(mmol / 24 hr)
138.9 (50.3) 140.5 (55.0) 0.872
Dietary Na2
(mmol / day)
120.1 (51.3) 120.1 (44.9) 0.996
Values are mean (SD)
NAS, no added salt at the table or in cooking; AS, added salt; Na, sodium
1from a single 24 hr urine collection; 2from mean of two 24 hr dietary recalls 
1 P-value computed using independent samples t-test (continuous variables)
Compared to those who used discretionary salt (AS), those categorised as NAS were
younger (P=0.008), but there was no difference in height, weight, BMI, the 
proportion using antihypertensive medication or the proportion of males (Table 4.5).
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Table 4.5 Differences across different discretionary salt usage categories
NAS
(n=41)
AS
(n=79) P value1
Age (years) 53.8 (8.6) 58.4 (9.0) 0.008
Height (cm) 169.1 (10.7) 167.8 (9.1) 0.503
Weight (kg) 84.2 (15.2) 80.6 (13.1) 0.193
BMI (kg/m2) 29.4 (3.5) 28.7 (4.4) 0.355
Using antihypertensive 
medication (n, %)
13 (32%) 35 (44%) 0.255
No. males (n, %) 20 (49%) 35 (44%) 0.784
Values are mean (SD) or number (%) 
NAS, no added salt at the table or in cooking; AS, added salt; BMI, body mass index
1 P-value computed using independent samples t-test (continuous variables) or chi-square analysis 
(categorical variables) across discretionary salt usage categories
4.3.2 Predicting mean intakes using dietary assessment methods
4.3.2.1 Comparing dietary and urinary assessment of sodium, potassium and the 
sodium-to-potassium molar ratio
The mean sodium of the group assessed using dietary assessment methodology (two 
24 hr recalls) was 13% lower than the mean 24 hr urinary sodium of the group (113.2 
mmol vs 129.4 mmol, P<0.001) (Table 4.2).  The amount of underestimation with 
dietary assessment was different for males and females (17% and 10% respectively). 
In contrast, mean potassium of the group assessed using dietary assessment 
methodology was 28% higher than the mean urinary potassium of the group (89.2 
mmol vs 69.8 mmol, P<0.001) and the difference was 28% for both males and females. 
Adjusting the urinary potassium to allow for the fact that approximately 85% of 
potassium is excreted in the urine, the mean adjusted urinary potassium of the group 
was 82.2 (31.1) mmol which was still significantly less (9%, P<0.001) than the mean 
potassium intake assessed using dietary assessment methodology, with similar results 
when split by gender (Table 4.2).  The mean Na:K of the group assessed using dietary 
assessment methodology was 33% lower than urinary Na:K (1.33 vs 1.98, P<0.001) 
with similar differences for males and females (38% and 31% respectively).
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Univariate correlations for sodium and potassium are show in Table 4.6. Sodium intake 
assessed using two 24 hr recalls was positively correlated with 24 hr urinary sodium 
excretion (r=0.42, P<0.001).  Potassium intake assessed using two 24 hr recalls and 
24 hr urinary potassium excretion were correlated (r=0.55, P<0.001) and dietary Na:K 
intake was also correlated with 24 hr urinary Na:K excretion (r=0.36, P<0.001). 
Correlations were similar for males and females (Table F5a and Table F5b, Appendix 
F). Correlations between urinary sodium and sodium from the bread and cereals food 
groups are shown in Fig F1a and Fig F1b, Appendix F. The correlation between urinary 
potassium and potassium from the vegetables food group is shown in Fig F1c,
Appendix F.
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4.3.2.2 The level of agreement between dietary and urinary assessment of sodium, 
potassium and the sodium-to-potassium molar ratio
Fig 4.1 shows the level of agreement between sodium, potassium and Na:K intakes 
assessed using dietary assessment methodology (two 24 hr recalls) and the 
corresponding urinary measures using the Bland Altman method (Bland and Altman 
1986). The difference (dietary minus urinary) between the mean dietary sodium and 
the mean urinary sodium was -16.2 mmol (55.0) (SD) (95% CI -24.0 to -8.4). The 
difference between the mean dietary potassium and the mean urinary potassium was 
+19.4 (25.7) mmol (95% CI 15.8 to 23.1) or if the adjusted urinary potassium was used 
+7.1 (28.1) mmol (95% CI 3.1 to 11.1).  The difference between the mean dietary and 
urinary measures of Na:K was -0.65 (0.81) (95% CI  -0.77 to -0.54). Visual inspection 
of the Bland Altman plots (Fig 4.1) indicated that there was less agreement between 
dietary and urinary assessment measures of sodium and Na:K at higher levels of 
sodium intake. For potassium this bias was not apparent. 
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4.3.2.3 The ability of dietary assessment to correctly classify population groups into 
tertiles of intakes of sodium, potassium and the sodium-to-potassium molar 
ratio 
To determine if intakes assessed using dietary assessment methodology can accurately 
classify a population group into the correct tertile of intake, participants were split into 
tertiles of intake based on both dietary assessment methodology (two 24 hr recalls) and 
urinary assessment methodology (a single 24 hr urine excretion).  The proportion of 
participants who were classified into extreme opposing tertiles, which is into the 
highest tertile by one method but the lowest tertile by the other method, is shown Table 
4.7. When combining males and females, only 10% of participants were classified into 
opposing tertiles for sodium. However, once females and males were analysed 
separately, sodium intake assessed using dietary assessment methodology 
misclassified a greater proportion of females than males (20% and 14% respectively). 
For potassium, the number classified into opposing tertiles using the two assessment 
methods was minimal and remained small when split by gender.  For Na:K, the 
proportion of males misclassified was half that of females (Table 4.7).  
Table 4.7 Number of participants classified into opposing tertiles using dietary and 
urinary methodology
All
(n=194)
Males
(n=59)
Females
(n=135)
Na 20 (10%)*** 8 (14%) 27 (20%)
K 14 (7%)*** 7 (12%)* 13 (10%)***
Na:K 24 (12%)*** 4 (7%)*** 20 (15%)
Values are number (%)
Abbreviations: Na, sodium; K, potassium; Na:K, sodium-to-potassium molar ratio
Significant association between dietary and urinary tertile classification, *P<0.05; ***P<0.001 
ȤWHVW
75
Study 1: Dietary Intakes of Sodium and Potassium
4.3.2.4 Effect of intake on tertile classification 
Participants were split into tertiles based on 24hr urinary excretion of sodium, 
potassium and Na:K. The mean intake assessed using dietary assessment methodology 
and the mean 24 hr urinary excretion of each nutrient for each tertile was calculated 
and is shown in Table 4.8. Males and females were analysed separately to avoid 
clustering of all males into the highest tertile due to a higher mean intake.  
The magnitude of the difference between intake assessed using dietary assessment 
methodology and urinary excretion varied depending on the urinary tertile and was 
different for males and females (Table 4.8). In both males and females with high 24 hr
urinary sodium, dietary assessment underestimated sodium intakes. However in 
females with low 24 hr urinary sodium, but not males, dietary assessment 
overestimated urinary assessment of sodium intake. In both males and females with 
low 24 hr urinary potassium, dietary assessment overestimated urinary assessment of 
potassium intake but there was no difference between the two methods at high urinary 
potassium. Dietary assessment overestimated the 24 hr urinary Na:K for males with 
low 24 hr urinary Na:K values, but not females, and underestimated the 24 hr urinary 
Na:K of both males and females with high 24 hr urinary Na:K. 
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Table 4.8 Mean dietary intake and urinary excretion in each urinary tertile  
Mean urinary 
excretion1
(mmol / day)
Mean dietary
intake2
(mmol / day)
Difference
(diet – urinary)
MALES (n=59)
Urinary Na Tertile
Lowest 118.9 (23.5) 129.1 (42.4) +8%
Highest 227.4 (44.7) 172.6 (51.2) -24% **
Urinary K Tertile
Lowest 61.4 (9.8) 95.0 (23.7) +55% ***
Highest 114.9 (16.5) 126.2 (31.0) +10%
Urinary Na:K Tertile
Lowest 1.28 (0.29) 1.04 (0.37) -19% *
Highest 3.07 (0.45) 1.68 (0.54) -45% ***
FEMALES (n=135)
Urinary Na Tertile
Lowest 65.5 (13.5) 92.9 (32.6) +42% ***
Highest 165.7 (33.3) 105.6 (41.7) -36% ***
Urinary K Tertile
Lowest 38.6 (7.9) 70.4 (15.7) +82% ***
Highest 90.3 (23.0) 90.7 (17.0) +0.4%
Urinary Na:K Tertile
Lowest 1.12 (0.27) 1.17 (0.46) +45
Highest 2.80 (0.81) 1.53 (0.60) -45% ***
Values are mean (SD)
1from a single 24 hr urine collection
2from mean of two 24 hr dietary recalls 
Abbreviations: Na, sodium; K, potassium; Na:K, sodium-to-potassium molar ratio
Significant difference between dietary and corresponding urinary value, *P<0.05, **P<0.01, 
***P<0.001 (paired sample t-test) 
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4.3.3 Predicting adherence to recommendations using dietary assessment 
methods
The proportion of participants who met each target (NRV target or WHO target) was 
calculated using dietary assessment methodology (two 24 hr recalls) and 24 hr urinary 
assessment methodology (Table 4.9). The proportion who met each of the targets was 
higher when sodium, potassium or Na:K intakes were assessed using dietary 
assessment methodology compared with when intake was assessed using urinary 
assessment. More females met the sodium targets than males whereas more males met 
the potassium target than females. However the proportion meeting the Na:K target of 
<1.0 was not different between males and females, irrespective of assessment method 
used. Differences across BMI categories were also investigated and are reported in the 
appendices (Table F6a, Appendix F) as well as differences across different anti-
hypertensive use categories (Table F6b, Appendix F). 
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4.3.4 Predicting individual intakes using dietary assessment methods
The 95% limits of agreement (LOA) between dietary and urinary assessment methods 
are shown in Table 4.10.   Whilst the mean difference between assessment of intake 
using dietary assessment methodology and urinary assessment methodology may be 
considered relatively modest (16 mmol for sodium and 19 mmol for potassium), 
particularly for sodium, at the individual level the differences can be large. For 
example, sodium intake assessed using two 24 hr recalls could underestimate daily 
sodium intake by as much as 126 mmol or overestimate by as much as 94 mmol among 
95% of the population studied. Similarly for potassium, there is potential for an 
underestimation of daily potassium intake by as much as 32 mmol or overestimation 
by as much as 71 mmol when using dietary assessment methodology. After adjustment 
(85% ingested potassium excreted in urine) there is still a potential for an 
underestimation of daily potassium intake by as much as 49 mmol or overestimation 
by as much as 63 mmol from dietary assessment methodology.
Table 4.10 Level of agreement between dietary and urinary measures of sodium, 
potassium and Na:K
Mean (SD) difference
(dietary minus urinary)
95% limits of agreement
(mean ± 2SD)
Sodium 
(mmol)
-16.2 (55.0) -126.3 to 93.9
Potassium 
(mmol)
19.4 (25.7) -32.0 to 70.8
Adjusted potassium^
(mmol)
7.1 (28.1) -49.1 to 63.3
Na:K
0.65 (0.81) -2.28 to 0.97
^Adjusted for 85% collection of potassium in urine
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4.4 Discussion
Sodium
Based on urinary excretion, the mean daily sodium intake in this sample of Australian 
adults was  129 mmol (7.5 g salt equivalent) which is similar to number of previously
reported Australian studies where mean daily intakes ranged from 121 mmol to 147 
mmol (Nowson, Morgan et al. 2003; Margerison and Nowson 2006; Brinkworth, 
Wycherley et al. 2008; Charlton, Yeatman et al. 2010; Ireland, Clifton et al. 2010;
Keogh, Lange et al. 2013) but slightly lower than others which reported mean daily 
intakes of 153 mmol to 167 mmol (Hodgson, Burke et al. 2006; Keogh, Luscombe-
Marsh et al. 2007; Huggins, O'Reilly et al. 2011). Females in the current study, in 
particular had lower sodium excretion compared to the aforementioned studies. None 
of these studies, however are nationally representative samples, meaning that 
differences in the study samples, most likely contribute to the differences observed. In 
the current study, participants with low blood pressure were excluded and recruitment 
highlighted blood pressure was being examined. This may have meant that participants 
had already been consuming less sodium on advice from a health professional for their 
blood pressure, or may have reported a lower sodium intake knowing the link between 
salt and blood pressure. It is important to also note that a selection criterion for 
inclusion in this study was that participants did not usually eat their main meal outside 
the home more than twice per week. A considerable proportion of Australians do eat 
out more than twice a week and consume take away food regularly (Ball, Brown et al.
2002; Smith, McNaughton et al. 2009), thus population mean sodium intakes are likely 
to be much higher than reported in the current study and consequently the actual 
proportion meeting specified sodium targets is likely to be even lower. Despite 
potentially obtaining a study sample who had lower sodium intakes than the general 
population,  the mean sodium excretion was substantially above the Australian 
National Health and Medical Research Council (NHMRC) Suggested Dietary Target 
(SDT) of 1600 mg (70 mmol) per day (or 4 g salt / day) (National Health and Medical 
Research Council 2006) and the Upper Level (UL) of 2300 mg / day (100 mmol / day 
or 6 g salt / day) as well as the WHO population target of 5 g salt per day (World 
Health Organization 2003).
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Potassium
The mean daily potassium excretion of 70 mmol in the current study was similar to the 
68 - 79 mmol per day reported previously in Australian studies  (Beard, Woodward et 
al. 1997; Nowson, Morgan et al. 2003; Margerison and Nowson 2006; Ireland, Clifton
et al. 2010) and importantly much lower than the SDT of 120 mmol per day. In 
particular, very few females met the potassium SDT.  The mean daily Na:K excretion 
in the current study, was nearly double the recommended molar ratio of 1:1 (Stamler, 
Rose et al. 1989; World Health Organization 2003). Individuals who consume more 
food are likely to have higher intakes of most nutrients (Espeland, Kumanyika et al.
2001), which explains the higher sodium and potassium intakes in males and thus more 
females than males met the sodium targets whereas more males met the potassium 
SDT.  
Overall, most participants exceeded the UL for sodium intake and very few met the 
SDT for potassium based on either dietary or urinary assessment, thus highlighting 
these challenges in meeting these targets with existing dietary intake patterns and the 
current food supply. 
Predicting mean intakes using dietary assessment methods
Sodium
In the current study, mean dietary sodium intake, as assessed by two 24 hr recalls, 
underestimated urinary sodium excretion by 13%. This value falls within the range of 
7-34% underestimation observed previously (Espeland, Kumanyika et al. 2001; Leiba, 
Vald et al. 2005; Reinivuo, Valsta et al. 2006) but is smaller than the 31-37% 
underestimation reported using four-day food records in another recent Australian 
study conducted in a sample of overweight and obese participants (Villani, Clifton et 
al. 2012).  A potential reason for the difference in the magnitude of underestimation is 
the variation in BMI of study participants. Underreporting is a known to be more 
common in overweight and obese participants (Briefel, Sempos et al. 1997; Johansson, 
Wikman et al. 2001; Olafsdottir, Thorsdottir et al. 2006). Participants in the Villani 
study had a mean BMI 34.5-35.9 kg / m2 compared to 29.3 kg / m2 in the current study. 
It is possible then that there was more underreporting of overall dietary intake by the 
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participants in the Villani study, which may explain the greater underestimation by 
dietary assessment.  The study by Leiba et al included participants with a similar BMI 
(mean 27.9 kg / m2) to the current study, and while dietary mean dietary sodium intake
was similar, mean urinary sodium excretion was higher than the current study, leading 
to an underestimation of 34% by dietary methodology. This was however a small study 
of only 36 participants and only one 24 hr recall was used to assess dietary intake.  In 
the current study those with a BMI over 30 kg / m2 had higher urinary sodium, but not 
dietary sodium, than those with a BMI of less than 25 kg / m2 leading to a greater 
underestimation using dietary methodology in those with a higher BMI.  The other 
aforementioned studies did not report the BMI of the cohort making it difficult to 
determine if there is closer agreement between dietary and urinary methodology in 
those with a lower BMI. 
Underestimation of sodium intake by dietary assessment methodology is 
acknowledged (World Health Organization 2007) and some underestimation of 
sodium with dietary assessment was expected in the current study as no allowance was 
made for discretionary salt intake (salt added at the table or in cooking), which has 
been estimated to provide 10-15% of the daily sodium (James, Ralph et al. 1987;
Mattes and Donnelly 1991). Data from large scale studies on how many Australians 
use discretionary salt is lacking but smaller studies have reported 62% - 89% of 
Australians add salt at the table and/or in cooking (Food Standards Australia and New 
Zealand 2008; Charlton, Yeatman et al. 2010; Grimes, Riddell et al. 2010; Huggins, 
O'Reilly et al. 2011). In the current study, 120 of the 194 participants were specifically 
asked about discretionary salt usage.  Forty-one participants (34%) reported no 
discretionary salt usage on either of the two days of dietary recording, similar to the 
Charlton study, but lower than what has been previously reported in two other recent, 
small Australian studies (O'Reilly, Brinkman et al. 2010; Grimes, Riddell et al. 2012).
Interestingly, in the current study, there was no difference in mean sodium intake, as 
measured by either dietary or urinary methodology, between those who did not report 
using discretionary salt and those who did report using discretionary salt. Previous 
Australian research has shown urinary sodium excretion to be 19% higher in those 
who used salt in cooking, but no difference was reported between users and non-users 
of salt at the table (O'Reilly, Brinkman et al. 2010).
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Some inaccuracies with dietary assessment may also be explained by errors in the 
nutrient values listed in food composition databases.  For example the incorrect sodium 
content of some lower sodium foods in the food composition database may actually 
contribute to a higher estimation with dietary assessment methodology. This may have 
contributed to the interesting finding in the current study whereby for female 
participants with the lowest sodium intakes, dietary assessment actually substantially 
overestimated 24 hr urinary sodium by 42%. It is possible that these participants were 
not using any discretionary salt and may have been choosing lower salt versions of 
products than those in the nutrient database used for dietary analysis. This does 
highlight the importance of having up to date food composition data available. A study 
by Pietinen et al also reported dietary sodium, as assessed by four-day food records, 
to overestimate urinary sodium excretion by 7% in a small sample of Finish 
participants (Pietinen 1982). Whilst no explanation was provided for the 
overestimation, the authors did note that the mean daily sodium excretion was lower 
than expected for this population. Three consecutive 24 hr urine collections were used, 
and whilst creatinine was measured it was not used as an objective measure of 
completeness, rather, the completeness was based on the nurse’s and subject’s own 
report. Thus there is potential for incomplete sampling, which would have decreased 
the mean urinary sodium reported. There is also the potential that the unexpectedly 
low sodium excretion was due to the consumption of low-sodium foods whose sodium 
content was not accurate in the food composition database.  Dietary sodium, assessed
by three-day food records, was also reported to overestimate urinary sodium excretion 
by 17% in a small study of Australian women (Charlton, Yeatman et al. 2010).
However these study participants were all well-educated women, a third of whom 
reported never using discretionary salt which is likely to explain the mean urinary 
sodium excretion (111 mmol / day) being considerably lower than what has been 
reported in other recent Australian studies (Brinkworth, Wycherley et al. 2008;
Huggins, O'Reilly et al. 2011; Villani, Clifton et al. 2012).
At higher sodium intakes there appears to be a systematic bias where the 
underestimation from dietary assessment is greater. Therefore at high sodium intakes,
dietary assessment is unlikely to accurately predict true intakes. Since mean population 
sodium intakes are generally high, the likelihood of underestimating sodium intake by 
up to 36% using dietary assessment must be acknowledged.  Dietary assessment was 
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able to classify 90% of all participants into the same tertile of sodium intake as 24 hr
urinary excretion. However within the gender groups, dietary assessment was not able 
to accurately classify males or females into the correct 24 hr urinary sodium tertile. 
Nevertheless, this moderate level of misclassification utilising dietary assessment, 
where 14% of males and 20% of females may be classified into the opposite tertile, 
might be acceptable in larger population studies for screening purposes.  It is also 
important to acknowledge the ability of dietary assessment to identify the main food 
sources of sodium within different population groups (Margerison, Riddell et al. 2013)
as this is cannot be assessed using urinary assessment methodology.   
Potassium
In contrast to sodium, the mean dietary potassium intake was significantly higher, by 
28%, than the mean urinary potassium excretion. Previous studies have consistently 
reported an overestimation of potassium intake using dietary methodology ranging 
from 4-21% (Espeland, Kumanyika et al. 2001; Leiba, Vald et al. 2005; Ireland, 
Clifton et al. 2010). Some overestimation may be partly attributed to up to 15% of 
potassium being lost in faeces (Espeland, Kumanyika et al. 2001; Leiba, Vald et al.
2005) and also the potential for potassium lost in cooking which may not be fully 
accounted for in food composition database values (Espeland, Kumanyika et al. 2001).
If the fact that approximately 15% of ingested potassium is excreted via faeces is taken 
into consideration, then a mean urinary potassium excretion of 70 mmol per day would 
equate to 82 mmol potassium ingested, which is still a 9% overestimation by dietary 
assessment in the current study.
Dietary assessment overestimated potassium excretion for all but those with high 
potassium intakes where it could be considered an accurate estimation. However for 
those with low potassium intakes, particularly females, the overestimation observed 
with dietary assessment was quite marked. Considering most population potassium 
intakes are significantly lower than recommended for good health, overestimation of 
potassium of approximately 28% using dietary methods should be anticipated.  Like 
sodium, the difference between dietary and urinary assessment of potassium varied 
from 0 to 82% across different urinary excretion levels so a single adjustment factor 
cannot be applied to all populations. Dietary assessment does appear however, to be 
85
Study 1: Dietary Intakes of Sodium and Potassium
able to classify males and females into the correct tertile of potassium intake. This may 
be useful for screening of a populaiton to identify particular subgroups who have high 
or low potassium intakes and thus require specific dietary advice. Dietary assessment 
is also instrumental in determining food sources of potassium and could be used 
identify those within a population who are at the higher or lower ends of the mean 
group potassium intakes, with a certain degree of confidence, whilst acknowleding that 
total potassium intake is overestimated.  
Sodium to potassium molar ratio
Since dietary assessment underestimates sodium and overestimates potassium intakes, 
it is not surprising then that mean dietary Na:K measurement was significantly lower, 
by about one-third, than urinary Na:K excretion. The proportion of the group meeting 
the Na:K recommendation was therefore considerably overestimated using dietary 
assessment. With Na:K becoming an important assessment of hypertension and CVD 
risk (Cook, Obarzanek et al. 2009), this again highlights the importance of using 24 hr
urinary assessment methodology for accurate assessment of dietary intake of these 
important nutrients at the population level.
Predicting group adherence to recommendations
Estimates of nutrient intakes are often used by public health professionals to compare 
group means against targets to determine dietary risk factors for disease (Australian 
Bureau of Statistics 2012). Group means are also used to monitor changes in 
population intakes across time. The current study results indicate that using either 
dietary or urinary methods for estimating intakes will result in different interpretations 
when comparing intakes to targets. Dietary data consistently overestimated the 
percentage of participants who met the sodium and potassium targets compared to 
using 24 hr urinary assessment. Interestingly, despite this, dietary assessment still 
categorised approximately 70% of the current study participants as having a sodium 
intake higher than the WHO recommendation, highlighting the severity of the problem 
of high sodium intakes and underestimating the prevalence of sodium and potassium 
related dietary risk factors. Furthermore, mean population sodium intakes are likely to 
be higher than reported in the current study and consequently the actual proportion 
meeting specified sodium targets is likely to be even lower.
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Predicting individual intakes
Dietary assessment of nutrient intakes is frequently used by dietitians and other health 
professionals to compare an individual against targets to determine nutrition risk 
factors for disease, or to determine compliance with individual dietary counselling.  
Whilst dietary intake of sodium and potassium derived from two days of dietary 
assessment was modestly correlated to 24 hr urinary excretion (r=0.42 for sodium and 
r=0.55 for potassium), the 95% limits of agreement were large ranging from -126 to 
94 mmol for sodium to -32 to 71 mmol for potassium indicating that dietary assessment 
cannot be used to accurately estimate the sodium or potassium intakes of individuals. 
There was also considerable systematic bias for both sodium and Na:K, with less 
agreement at higher intakes, meaning it would be difficult to suggest a single factor 
that could be applied to all individuals to adjust for using dietary methodology for 
either sodium or Na:K. Thus urinary assessment must be used for an accurate 
determination of an individual’s sodium, potassium or Na:K intake.
Misreporting of dietary intake
The issue of individuals either over or under reporting dietary intake via dietary 
assessment was not specifically addressed in this study. Due to significant day to day 
variation in dietary intake, it has been suggested that identifying over or under 
reporting of an individual’s energy intake using a single 24 hr dietary recall is 
associated with significant uncertainty (Brustad, Skeie et al. 2003). It is not entirely 
clear as to whether misreporting involves selective misreporting of certain foods or 
whether all foods are misreported at a similar level, and whether this depends on the 
population sample used or even the study being conducted.  There is limited data on 
how misreporting specifically effects the measurement of sodium and potassium 
intakes. One small study conducted on Japanese dietetic students (Murakami, Sasaki
et al. 2012) found that there was more under-reporting than over-reporting of both 
sodium and potassium, and sodium was misreported to a higher degree than potassium.
The traditional method of face-to-face interviews were used to collect the 24 hr recall 
data in the current study. A potential benefit of face-to-face interviews is that it allows 
for clarification from both the interviewee and interviewer perspective and that visual 
aids can be used. However, in interviews participants may feel rushed and not allowed 
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the time to think about answers as much as compared to filing in a survey in their own 
time, and the cost and time involved may be prohibitive for larger sample sizes.  The 
vulnerability of the 24 hr recall method to an ‘interviewer effect’ has also been reported 
(Slimani, Ferrari et al. 2000). Whilst face-to-face interviews may lead to under 
reporting of perceived “bad” foods and over reporting of “good” foods, studies have 
shown similar dietary data is obtained when methods such as telephone interviews, are 
used (Brustad, Skeie et al. 2003).
Limitations
Some potential limitations in the current study must be acknowledged. A single 24 hr 
urine collection was used to quantify urinary sodium excretion and collection of the 
24 hr urine sample was not always on the same day as the 24 hr dietary recall was 
completed (although was on average within 1.06 days) and as such, actual day to day 
variation may explain some of the difference in dietary and urinary assessment of 
sodium and potassium. There was no attempt to quantify discretionary salt usage 
which could potentially make a significant difference to the sodium intake of those 
who do add salt. The potential for under reporting and potential database inaccuracies 
must also be recognised.  A sample of middle-aged Australian adults who volunteered 
for dietary intervention studies and who did not frequently eat out, was used so there 
is only limited ability to generalise results to the wider population. Furthermore, data 
on income or similar, as a measure of socioeconomic status would help in defining 
study population whose intakes are described. Finally, dietary assessment was via two 
24 hr recalls so results cannot be generalised to other dietary assessment 
methodologies or dietary recalls of more than two days. 
Conclusion
Adult Australians in this study were consuming too much sodium and too little 
potassium, putting them at increased risk of HT and CVD. Dietary assessment, 
although commonly used to estimate intakes of sodium and potassium, underestimates 
mean sodium intake and overestimates mean potassium intake. Thus dietary 
assessment will significantly underestimate the proportion not meeting 
recommendations and will therefore underestimate the overall health risk to the 
population.  While dietary assessment appears to be able to identify those within a 
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group who have high or low intakes of sodium or potassium, there is significant 
variation in the magnitude of the under or overestimation. Dietary assessment does 
however allow identification of the main food sources of nutrients. For an accurate 
assessment of an individual’s sodium and potassium intake and population mean 
intake, 24 hr urines are the preferred method and caution is required when comparing 
data from studies that have used the two different methods.
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CHAPTER 5
STUDY TWO: Dietary Sources of Sodium and 
Potassium
Related paper title: Dietary Sources and Meal Distribution of Sodium and 
Potassium in a Sample of Australian Adults (published: Nutrition and Dietetics,
2013; 70: 294-299)
5.1 Introduction 
5.1.1 Sodium and potassium intakes
A reduction in dietary sodium intake has been shown to significantly decrease blood 
pressure in both hypertensive and normotensive individuals (Geleijnse, Kok et al.
2003; He and MacGregor 2004). Increasing dietary potassium is another 
recommended dietary strategy promoted for blood pressure reduction and an increase 
in potassium intake has been shown in several studies to decrease blood pressure 
(Cappuccio and MacGregor 1991; Whelton, He et al. 1997; Geleijnse, Kok et al.
2003).  Fruit and vegetables, which are a significant food source of potassium, have 
also been shown to protect against ischemic and haemorrhagic stroke (He, Nowson et 
al. 2006).
From the limited Australian data available, estimated intakes of sodium and potassium
using 24 hr urinary data, indicate that Australians consume up to twice the 
recommended intake of salt and only about 80% of the recommended intake of 
potassium (Nowson, Morgan et al. 2003; Hodgson, Burke et al. 2006; Margerison and 
Nowson 2006; Keogh, Luscombe-Marsh et al. 2007; Brinkworth, Wycherley et al.
2008; Ireland, Clifton et al. 2010).  The gold standard for measuring dietary sodium 
intake is 24 hr urine collections (Dyer, Elliott et al. 1997). Assessment of dietary 
sodium intake using dietary methodology underestimates actual sodium intake and it 
is difficult to accurately quantify discretionary salt usage. It is however the only 
method available to assess the main sources of an individual’s dietary sodium and is 
often used in large population studies due to convenience and decreased participant 
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burden compared to 24 hr urine collections. This ability to determine the sources of 
nutrients is an important benefit of dietary assessment. 
5.1.2 Food sources of sodium and potassium
Whilst it is generally well accepted that sodium intake are higher and potassium 
intakes lower then recommendations, there has been little research into the main 
sources of these nutrients.  Several studies conducted overseas (Beer-Borst, Costanza
et al. 2009; Meneton, Lafay et al. 2009; Thomson 2009; Anderson, Appel et al. 2010)
have found bread to be a significant contributor to total dietary sodium intake,
providing anywhere from 17-43%. However, other countries such as Asian countries 
have very different diets and thus different key sodium sources (Anderson, Appel et 
al. 2010).  There has been minimal research into which foods provide the most sodium 
for Australian adults (Food Standards Australia and New Zealand 2008; Charlton, 
Yeatman et al. 2010; Villani, Clifton et al. 2012; Keogh, Lange et al. 2013) and to date 
there have been no published studies describing the main dietary sources of potassium
in Australia. 
5.1.3 Meal time sources of sodium and potassium
There has been very little, if any, research focussing on the meal time distribution of 
sodium and potassium intakes across the day or the food group contributors of sodium 
and potassium within different meals. If identified, this information could prove useful 
in the development of meal specific dietary education messages aimed at decreasing 
dietary sodium and increasing dietary potassium intakes. Whilst there is no published 
research on the benefit or effectiveness of context specific food guidelines, from a 
behavioural change approach, there is potential that these types of guidelines may be 
more likely to affect dietary change. 
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5.1.4 Rationale, aims and hypotheses
Understanding food related behaviours associated with higher sodium and lower 
potassium intakes and examining the contribution of different foods to total dietary 
sodium and potassium is important as it will enable the specific targeting of dietary 
advice. 
The aims of this study were:
1. To determine the main food sources of sodium and potassium;
2. To determine the amount of sodium and potassium consumed at each meal and 
which foods at each meal are the main sources sodium and potassium; 
3. To explore any differences in food group and meal time sources of sodium and 
potassium between males and females.
The hypotheses were:
x Breads and cereals will be the main food source of sodium;
x Fruits and vegetables will be the main food source of potassium;
x Dinner will provide the greatest amount of sodium and potassium for the day.
x Males and females will differ with respect to the main food sources of sodium 
and potassium 
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5.2 Methods
5.2.1 Study participants
See Chapter 3 Methods, 3.1 Participants
The dataset for Study two included data from all participants with at least one 24 hr
dietary recall. Table 5.1 (and Table G1a, Appendix G) shows the original study source 
of the participants included in this analysis.
Table 5.1 Data included in the dataset for Study two analysis
Study
A
103
(61 males, 42 females)
B
54
(51 males, 3 females)
C
29
(29 males, 0 females)
D
113
(113 females)
TOTAL for
Study two
299
(141 males, 158 females)
5.2.2 Dietary assessment
See Chapter 3 Methods, 3.3 Measurement of dietary intake
Dietary intake was determined as described in section 3.3 with the addition of 
expressing sodium and potassium as sodium density and potassium density.
Daily Na density (mg / MJ) = total daily Na (mg / day) / total daily energy MJ / day
Daily K density (mg / MJ) = total daily K (mg / day) / total daily energy MJ / day
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5.2.3 Food group analysis
All foods and drinks recorded on the 24 hr recalls were classified into 20 main food
groups based on the two-digit Australian Food and Nutrient database (AUSNUT) food 
codes used in the FoodWorks dietary analysis program (Table G2, Appendix G).  The 
food grouping system was developed by Food Standards Australia New Zealand 
(FSANZ) as part of the Australian Food Composition Program. Additional 
classification into subgroups based on the three-digit AUSNUT codes was used to 
further investigate specific foods within the main food groups. The breads and cereals 
food group contained 13 subgroups (Table G3, Appendix G) and the vegetable food 
group contained nine subgroups (Table G4, Appendix G). 
The proportion of sodium and potassium provided by each of the food groups was 
determined for each participant individually and expressed as a percentage of the 
individual’s total daily intake using the following formula:
%Na for food group = (total Na of food group (mg) / total daily Na (mg)) X 100
%K for food group = (total K of food group (mg) / total daily K (mg)) X 100
The individual values were then averaged to determine the mean for the group.
5.2.4 Meal time analysis
All foods and drinks recorded on the 24 hr dietary recalls were categorised as being 
part of one of six ‘meals’. The six meals were split into three main meals (breakfast; 
lunch; dinner) and three snack times (morning tea; afternoon tea; supper).  These 
classifications were based on the participants’ own categorisation of meals as no 
standard definition of each meal was available. Desserts were included as part of the 
meal which they followed.
The proportion of sodium and potassium provided by each of the six individual meal 
and snack times was determined for each individual participant and expressed as a 
percentage of the individual’s total daily intake using the following formula:
%Na for meal = (total Na of meal (mg) / total daily Na (mg)) X 100
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%K for meal = (total K of meal (mg) / total daily K (mg)) X 100
The sodium density and potassium density of each meal and snack was determined for 
each participant using the following formula:
Na density of meal (mg / MJ) = total Na of meal (mg) / total energy of meal (MJ)
K density of meal (mg / MJ) = total K of meal (mg) / total energy of meal (MJ)
The individual values were then averaged to determine the mean for the group.
5.2.5 Anthropometry
See Chapter 3 Methods, 3.5 Anthropometry
5.2.6 Demographics and lifestyle factors
See Chapter 3 Methods, 3.6 Other measurements
5.2.7 Statistical analysis
Data were analysed using PASW (version 17.0; PASW Inc., Chicago, IL, USA).  P values 
of < 0.05 were considered to be significant. Descriptive statistics are presented as mean 
(SD) or number (%).  Unpaired T-tests were used to examine the differences between 
males and females. 
5.2.8 Ethics
All studies were approved by the Deakin University Human Research Ethics Committee 
(See Chapter 3 Methods, 3.7 Ethics).
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5.3 Results
Of the 344 eligible participants, 299 (87%) had two complete 24 hr dietary recalls and 
were thus included in this analysis. The characteristics of all 299 adult participants 
(158 females and 141 males) are shown in Table 5.2. The males were younger, taller 
and heavier than the females (all P<0.001), but there was no difference in BMI or 
antihypertensive medication usage (Table 5.2).  Compared to females, males had a 
45% higher total daily sodium intake and a 47% higher total daily energy intake (both 
P<0.001), but there was no difference in the total daily sodium density. In contrast, 
whilst males had a 30% higher total daily potassium intake than females (P<0.001),
the total daily potassium density was 13% higher in females (P<0.001) and the daily 
Na:K was 8% higher in males (P=0.038) (Table 5.2).
Table 5.2 Participant characteristics
All               
(n=299)
Males
(n=141)
Females
(n=158)
Age (years) 54.6 (9.5) 50.6 (10.8) 58.1 (6.4)***
Age range (years) 24.6 – 80.6 24.6 – 80.6 41.8 – 78.7
Using antihypertensive 
medication (n, %)
107 (36%) 45 (32%) 62 (39%)
Height (cm) 168.6 (9.2) 175.6 (6.3) 162.6 (6.7)***
Weight (kg) 83.7 (13.8) 90.5 (12.1) 77.7 (12.3)***
BMI (kg/m2) 29.4 (3.9) 29.3 (3.3) 29.4 (4.4)
E intake (MJ / day) 9.15 (3.2) 11.0 (3.2) 7.5 (2.0)***
Weight of food (g/ day) 2464 (713.7) 2650.9 (710.8) 2297.9 (676.1)***
Na intake (mmol / day) 118.5 (51.1) 141.6 (54.5) 97.9 (37.5)***
Na intake (mg / day) 2725.0 (1176.2) 3256.1 (1253.7) 2251.0 (963.1)***
Daily Na density (mg / MJ) 300.7 (92.4) 298.0 (88.5) 303.2 (95.9)
K intake (mmol / day) 91.0 (28.2) 103.6 (28.1) 79.8 (23.0)***
K intake (mg / day) 3549.7 (1098.1) 4041.1 (1096.2) 3111.3 (898.3)***
Daily K density (mg / MJ) 404.9 (110.0) 378.0 (93.0) 428.8 (118.5)***
Daily Na:K 1.4 (0.56) 1.4 (0.59) 1.3 (0.53)*
Values are expressed as mean (SD) or number (%)
Abbreviations: BMI, body mass index; E, energy; MJ, megajoule of energy; Na, sodium; K, potassium 
Significant difference between males and females, *P<0.05, ***P<0.001(Independent samples t-test)
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5.3.1 Food group sources of sodium and potassium
The food group providing the most sodium was breads and cereals which provided 
38% of daily sodium (Table 5.3). This was not different between males and females 
(39% vs 38%; Table G5, Appendix G). Of the remaining food groups, only meat 
products/dishes and milk products/dishes contributed more than 10% each to the total 
daily sodium intake (Table 5.3). Within the breads and cereals food group, the main 
contributor to daily sodium was breads which contributed 20% daily sodium (or 52% 
of the total sodium provided by the breads and cereals food group) (Table 5.3). This 
was not different between males and females (20% vs 21%; Table G6, Appendix G). 
Table 5.3 The main sources of sodium and potassium and the proportion of 
participants consuming each food group
% of daily Na % of daily K Proportion consuming
Breads and cereals 38 (15) 15 (8) 99%
Breads 20 (13) 5 (4) 93%
Breakfast cereals 3 (6) 4 (5) 56%
Meat products/dishes 19 (16) 13 (11) 90%
Muscle meat 8 (11) 5 (7) 66%
Mixed meat dishes 6 (12) 5 (9) 21%
Milk products/dishes 11 (8) 15(9) 100%
Cheese 5 (6) 1 (1) 63%
Dairy milk 4 (4) 9 (8) 89%
Savoury sauces & condiments 8 (10) 1 (3) 70%
Gravies and savoury sauces 6 (10) 1 (3) 55%
Soup 5 (11) 3 (7) 30%
Soup 4 (10) 3 (7) 29%
Vegetable products/dishes 5 (7) 23 (14) 97%
Potatoes 2 (4) 9 (10) 58%
Tomato and tomato products 0 (1) 4 (5) 61%
Fruit products/dishes 0 (1 ) 12 (9) 87%
Tropical fruit 0 (0) 4 (6) 53%
Total  (mg / d) 2725 (1176) 3550 (1098)
Values are expressed as mean (SD) 
Abbreviations: Na, sodium; K, potassium
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Compared to females, males consumed a higher proportion of sodium from meat 
products/dishes (21% vs 17%, P=0.017), which was driven by a larger contribution 
from mixed meat dishes (8% vs 5%, P=0.029). Males also consumed a higher 
proportion of their daily sodium from breakfast cereals (4% vs 2%, P=0.036) than 
females. In contrast, females obtained a higher percentage of sodium from milk 
products/dishes (13% vs 9% P<0.001), than males, mainly driven by a greater 
contribution from cheese (6% vs 4%, P=0.007) (Table G5 and G6 Appendix G).
The food group providing the most potassium was vegetable products/dishes, which 
provided 23% of the total daily potassium (Table 5.3).  This value was not different 
between males and females (22% vs 24%; Table G7, Appendix G).  A further four 
food groups (breads and cereals, milk products/dishes, meat products/dishes, and fruit 
products/dishes) all contributed more than 10% each to the total daily potassium (Table 
5.3).  Within the vegetable products/dishes food group, the main potassium source was 
potatoes, which contributed 9% to the total daily potassium (Table G8, Appendix G). 
Males obtained more potassium than females from breads and cereals (16% vs 14%, 
P=0.007) and meat products/dishes (15% vs 11%, P=0.012) which was driven by a 
larger contribution from mixed meat dishes (6% vs 3%, P=0.004). Males also 
consumed a higher proportion of their daily potassium from and potatoes (10% vs 8%, 
P=0.042).  On the other hand, females obtained a higher percentage of potassium than 
males from milk products/dishes (16% vs 13% P=0.007) and fruit products/dishes 
(13% vs 11%, P=0.033) (Table G7 and G8 Appendix G).
Fruit products/dishes and vegetable products/dishes combined provided 35% of the 
total daily potassium intake for the group with females obtaining a higher proportion 
of potassium from fruit and vegetables combined, than males (37% vs 33%, P=0.008)
(data not shown).  Participants consumed an average of 216 (178) (SD) g fruit 
products/dishes providing 427 (361) mg potassium and 288 (190) g vegetable 
products/dishes providing 854 (618) mg potassium (data not shown). Using a serving 
size of 150 g for fruit and 75 g for vegetables (National Health and Medical Research 
Council 2013) this equates to 1.4 serves of fruit and 3.8 serves vegetables per day.  
These values were not different between males and females (data not shown).
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Of the five food groups classified as being the major contributors to total daily sodium 
(breads and cereals, meat products/dishes, milk products/dishes, savoury sauces and 
condiments, soup) and the two food groups classified as being the major contributors 
to total daily potassium intakes (vegetable products/dishes and fruit products/dishes), 
vegetable products/dishes and fruit products/dishes were the only two food groups 
with a Na:K less than 1.0 (Table 5.4). There was no difference in the Na:K of the food 
groups between males and females (data not shown). 
Table 5.4 The Na:K of each of the main food groups
Food Group Na (mmol) K (mmol) Na:K
Main sodium sources
Breads and cereals 44.86
(26.4)
13.3
(8.0)
3.8
(1.8)
Meat, poultry and game products and 
dishes 
24.5
(26.4)
11.7
(11.6)
2.7
(2.8)
Milk products and dishes 11.7
(7.8)
13.2
(8.2)
1.6
(3.8)
Savoury sauces and condiments 9.8
(14.6)
1.2
(2.6)
34.2
(70.6)
Soup 6.3
(14.9)
2.8
(6.0)
5.8
(11.1)
Main potassium sources
Vegetable products and dishes 5.0
(7.3)
21.9
(15.8)
0.31
(0.54)
Fruit products and dishes 0.39
(0.73)
10.9
(9.2)
0.06
(0.30)
Values are mean (SD)
5.3.2 Meal time sources of sodium and potassium
The proportion of sodium, potassium and energy consumed at each meal/snack time 
is shown in Fig 5.1 (see also Table G10a, Appendix G). Main meals provided 83% of 
the total daily energy, 89% of sodium and 85% of potassium. Lunch and dinner 
provided similar proportions of sodium (34% and 38% respectively) followed by 
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breakfast which provided 17%. Dinner provided the most potassium (43%) followed 
by lunch (23%) breakfast which provided 23% and 19% respectively. 
Fig 5.1 Proportion (% of total daily) of energy, sodium and potassium consumed 
at each meal/snack time (n=299)
BF, breakfast; MT, morning tea; L, lunch; AT, afternoon tea; D, dinner; S, supper; Na, sodium; K, 
potassium 
a Mean Na values were significantly different (P<0.001)
b Mean E values were significantly different (P<0.001)
c Mean K values were significantly different (P<0.001)
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Study 2: Dietary Sources of Sodium and Potassium
At lunch, more than 90% of participants consumed breads and cereals (mainly bread), 
which was the main sodium source (42%) at this meal. Most of the potassium at lunch 
came from vegetable products/dishes and breads and cereals (both 21%). At dinner, 
more than 75% of participants consumed meat products/dishes which provided 26% 
of the dinner sodium and 87% consumed vegetable products/dishes (mainly potatoes) 
which provided 35% of the dinner potassium (data not shown).
The sodium density and potassium density of each meal and snack is shown in Fig 5.2.
All main meals combined had a higher sodium density than all the snacks combined 
(324 ± 6.4 (±sem) mg / MJ vs 172 ± 7.8 mg / MJ, P<0.001) but a similar potassium
density (418 ± 7.3 mg / MJ vs 496 ± 87.0 mg / MJ, P=0.368). Lunch had a higher 
sodium density (420 ± 16.5 mg / MJ) than both dinner (297 ± 10.0 mg / MJ, P<0.001) 
and breakfast (287 ± 20.3 mg / MJ, P<0.001). The sodium density at breakfast and 
dinner were not significantly different.  The highest potassium density meals were 
morning tea (562 (169) mg / MJ), breakfast (492 (568) mg / MJ) and dinner (447 (202) 
mg / MJ).  The potassium density at morning tea, breakfast and dinner were not 
significantly different from each other.
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Fig 5.2 Sodium and potassium density of each meal/snack time (n=299)
BF, breakfast; MT, morning tea; L, lunch; AT, afternoon tea; D, dinner; S, supper;  Na, sodium; K, 
potassium 
Significant difference in Na density compared to lunch *P<0.001
Significant difference in Na density compared to All main meals †P<0.001
There was no difference between males and females in sodium density for any of the 
individual main meals or snacks (Fig G1a, Appendix G). However, females had a 
higher mean daily potassium density than males (429 ± 9.4 mg / MJ vs 378 ± 7.8 mg/
MJ; P<0.001), a higher potassium density at dinner (491 ± 16 mg / MJ vs 398 ± 16 mg 
/ MJ, P<0.001), and supper (378 ± 72 mg / MJ vs 197 ± 24 mg / MJ, P=0.023), and a 
higher potassium density for the main meals combined (445 ± 11 mg / MJ vs 387 ± 9
mg / MJ; P<0.001) (G1b, Appendix G).
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The Na:K for each meal and snack is show in Table 5.7. Lunch had the highest Na:K 
(2.3 (1.9)) followed by afternoon tea (1.5 (3.2)), breakfast (1.4 (1.7)) and dinner (1.3
(1.0)). There was a significant difference in the total daily Na:K between females and 
males (1.29 vs 1.43, P=0.037). There were no differences between females and males 
in the Na:K of any of the main meals. However there was a difference in the Na:K of 
afternoon tea between females and males (1.11 vs 1.91, P=0.033).
Table 5.7 The Na:K of each meal/snack
All
(n=299)
Males
(n=141)
Females
(n=158)
Total 1.36 (0.56) 1.43 (0.59) 1.29 (0.53)*
Breakfast 1.43 (1.68) 1.47 (1.96) 1.39 (1.38)
Morning tea 0.78 (2.17) 0.94 (2.91) 0.64 (1.17)
Lunch 2.27 (1.89) 2.31 (1.89) 2.24 (1.89)
Afternoon tea 1.49 (3.24) 1.91 (4.12) 1.11 (2.11)*
Dinner 1.34 (1.03) 1.41 (1.04) 1.28 (1.02)
Supper 0.62 (1.21) 0.56 (1.10) 0.67 (1.31)
All snacks combined 1.13 (2.07) 1.37 (2.82) 0.91 (0.95)
All main meals combined 1.43 (0.64) 1.51 (0.68) 1.37  (0.60)
Values are mean (SD)
Significant difference between males and females, *P<0.05 (independent samples t-test) 
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5.4 Discussion
Food group sources
The food group contributing most sodium to the diet of this adult population was 
breads and cereals. These data are similar to data from other countries including the 
Uniting Kingdom (UK) (Anderson, Appel et al. 2010), the United States (Anderson, 
Appel et al. 2010), Canada (Fischer, Vigneault et al. 2009), New Zealand (Thomson 
2009) and France (Meneton, Lafay et al. 2009). In three recent Australian studies 
(Charlton, Yeatman et al. 2010; Villani, Clifton et al. 2012; Keogh, Lange et al. 2013)
breads and cereals were reported to provide 29%, 23%, or 33% of daily sodium 
respectively. Whilst direct comparisons between studies are difficult due to different 
ways in which individual foods are grouped, breads and cereals are clearly a major 
source of sodium in Australia and other developed countries. These data are consistent
with observations in Australian children and data generated through dietary modelling 
of the Australian diet. A recent study conducted in Australian children (Grimes, 
Campbell et al. 2011) found bread provided 13% of the total daily sodium. Food 
Standards Australia New Zealand (FSANZ), used dietary modelling and estimated that 
bread provides approximately 1.4 g salt per day (Food Standards Australia and New 
Zealand 2008).  Although the estimated mean salt intake in the FSANZ study (5.46 g
/ d) was more than 20% lower than the present study, bread (providing 26% of the total 
daily sodium) was still a key contributor.  
In 2009, the Australian Food and Health Dialogue (Department of Health and Ageing 
2011) was established as a joint government-industry-public health initiative focussing 
on improving Australians’ dietary habits. As part of its activity, a voluntary food 
product reformulation program was developed which lists proposed targets for several 
nutrients and food categories. Bread was the first food category for which a sodium 
target was developed in 2010.  The mean sodium content of bread in the current study 
was 531 mg / 100 g which is higher than the reported mean sodium content (435 mg / 
100 g) in 99 sliced bread products available in Australian supermarkets in 2010 
(Dunford, Eyles et al. 2011). Participants in the current study may have been 
purchasing higher sodium breads from outside of the supermarket. A study comparing 
the sodium content of breads in Australia in 2009 found that supermarket breads had 
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a significantly lower sodium content than Bakers Delight varieties (434 mg/100 g, vs 
525 mg/100 g, P<0.001) and 62% of all bread purchased in 2009 was purchased from 
supermarkets (Cleanthous, Mackintosh et al. 2010). Furthermore, the subgroup bread 
in the current study also included ‘fancy bread’ (Table G3, Appendix G) which 
included speciality breads such focaccia (602 mg Na per 100 g) and cheese and bacon 
rolls (Bakers Delight: 899 mg Na per 100 g) which have higher sodium contents. 
Another potential cause for the higher sodium content of the bread in the current study 
may be the nutrient database, so that the actual sodium content on the label of the bread 
maybe lower than what is in the nutrient database.  
Furthermore, only 25% of white, 28% of wholemeal and 31% of multigrain breads in 
Australian supermarkets in 2010 met the Food and Health Dialogue sodium target of 
400 mg / 100 g. Overall 50% of all the breads assessed met the target, compared to 
29% in 2007, but there was no change in the mean sodium content of the breads 
(Dunford, Eyles et al. 2011). If the sodium content of all breads was decreased to the 
Food and Health Dialogue target of 400 mg / 100 g, the mean sodium intake in the 
current study population would decrease by more than 5% from 2725 mg / d (6.8 g salt
/ day) to 2591 mg / d (6.5 g salt / day).
After bread, muscle meat was the next highest sodium source and was consumed by 
about two-thirds of participants. This included fresh meats such as beef, lamb, pork 
and veal, with a low level of naturally occurring sodium (up to ~50 mg / 100 g), but 
also high sodium foods such as bacon and ham, which contain more sodium (up to 
~1400 mg / 100 g) from salt added during manufacture.  Regular consumption of these 
processed meats, even if compliant with the Food and Health Dialogue target (1090 
mg sodium per 100 g bacon or ham), means that meeting the SDT for sodium is much 
less likely than if fresh meat was consumed as these foods still contain significant 
sodium.
Mixed meat dishes (e.g. casseroles, curries, stir fries) were the third highest source of 
sodium. These dishes use cooking sauces or flavour mixes which are often very high 
in sodium (up to ~3000 mg / 100 g) highlighting another potential target for food 
manufacturer reformulation to lower sodium content.  In 2010, pasta sauces accounted 
for approximately 75% of all savoury cooking sauces sold in Australian supermarkets 
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(National Heart Foundation of Australia 2010) but there has been no apparent change 
in sodium content of pasta sauces from 2008 to 2011 (Trevena, Dunford et al. 2013).
The Food and Health Dialogue has proposed a 15% reduction in the sodium level of 
simmer sauces (Department of Health and Ageing 2011).  If this is uniformly adopted, 
it will assist many people in decreasing their sodium intake, in particular males, who 
in the current study consumed more of these dishes than females. However, if these 
sauces are frequently used, it is still unlikely a sodium intake below the SDT would be 
achieved as the Food and Health Dialogue target is still relatively high for these sauces.
The food group providing the most potassium in the current population was vegetable 
products/dishes.  There is limited data on the main dietary sources of potassium, but 
vegetables have been reported as the main potassium source in France (Meneton, 
Lafay et al. 2009), providing 19% of dietary potassium, followed by cereals (15%), 
dairy (11%) and meat products/dishes (11%). Potatoes were the main potassium source 
in the current study and were consumed by just over half the participants.  While a 
potato provides approximately 700 mg potassium, it is often cooked with fat and 
consumed with added salt which can adversely affect the nutritional value.  Milk was 
another key potassium source. Low fat/skim milk (~400 mg K per 250 ml), while being 
relatively low in sodium is also a good source of other important nutrients such as 
calcium. Bread was another noteworthy potassium source and nearly four times as 
much white bread was consumed compared to wholemeal in this study population. 
Wholemeal and white bread contain similar amounts of sodium, but wholemeal 
contains up to 70% more potassium. So whilst a change to wholemeal bread might not 
decrease the total sodium intake, it will favourably affect the Na:K of the diet.
It is recommended that Australians obtain potassium from fruit and vegetables 
(National Health and Medical Research Council 2006) and that two serves of fruit and 
five serves of vegetable are consumed daily (Department of Health and Ageing 2011).
The mean vegetable intake in the present study was below recommendations whereas 
the mean fruit intake met recommendations if fruit juice was included. Despite a daily 
intake of 2.2 serves of fruit (and juice) and 3.8 serves of vegetables, the mean 
potassium intake did not meet the SDT. A daily intake of two serves of fruit and five 
serves of vegetables would not necessarily ensure that the potassium SDT is met. 
However, current public health campaigns aimed at increasing fruit and vegetables, if 
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successful, would help achieve an increase in potassium intake. As most participants 
did not consume fruit at breakfast, and more than a third did not consume vegetables 
at lunch, meal specific education focussing on meal times with low fruit or vegetable 
intakes may prove a useful way to increase potassium intake. Complimenting a higher 
fruit and vegetable intake with other key potassium sources such as wholegrains, nuts, 
seeds and low fat dairy (similar to the DASH diet (Appel, Moore et al. 1997)) is 
required for this population to meet the SDT. 
Meal time sources
This is the first study to investigate meals as sources of sodium and potassium. The 
three main meals provided the vast majority of sodium, potassium and energy and had 
nearly twice the sodium density of snacks but a similar potassium density.  This 
indicates that public health messages focussing on utilising lower sodium foods at 
main meals, especially lunch, would have the greatest effect on reducing sodium intake 
in this population. Snacks, or foods consumed outside the main meals, were not a 
significant sodium source for this older population; however younger people may 
consume more sodium from snack foods (Macdiarmid, Loe et al. 2009; Kerr, 
McCrorie et al. 2010). With a similar sodium content but lower energy than dinner, 
lunch had the highest sodium density of all meals. Thus education strategies targeted 
at specific meals, for example lunch, may be more effective and easier for consumers 
to follow. Those with lower lunchtime sodium intakes tended to consume a smaller 
meal of foods such as yoghurt and fruit or they consumed a salad or a homemade meal 
such as stir fry or stew based on fresh ingredients. Further research into the actual 
foods that were consumed at lunch by those with lower sodium intakes will assist in 
development of suitable strategies and specific practical examples. Having the highest 
potassium density, morning tea appeared to consist of high potassium, low energy 
choices for this population group such as fruit and low fat milk and yoghurt.
Limitations
Some limitations need to be considered when interpreting these results. Using 24 hr
recalls for dietary analysis has the potential of underreporting. In addition, the use of 
weekend or weekdays was not specified and day-to-day variation is not accounted for 
when using one or two days of data collection. As it is not possible to accurately assess 
109
Study 2: Dietary Sources of Sodium and Potassium
discretionary salt usage, dietary recall will always under represent total dietary sodium 
intake. The accuracy of the food and nutrient database used is another known 
limitation (Bingham 1987; Greenfield and Southgate 1992). Potassium values directly 
from the food database were used without adjustment for cooking methods.  Data on 
income, employment and socioeconomic status was not used in the analysis and would 
help to further describe the study population and determine the suitability of 
generalising results to the population. Differences between genders may have been 
influenced by the fact that the gender groups were not matched for age. Whilst we did 
not previously find a difference in sodium excretion in the older versus younger 
participants (Table 4.3, Chapter 4), older participants had a lower potassium excretion.  
Finally, the participants were a group of adults who volunteered for dietary blood 
pressure studies and who did not eat out often and as such, sodium intakes may be 
underestimated. As many Australians now regularly eat out, the data cannot be 
classified as representative of the general Australian population. There is also the 
potential that those using antihypertensive medication may have already decreased 
their sodium intake as per medical advice, although this is difficult to achieve without 
specific dietary counselling and a strong commitment to purchase salt-free or low salt 
products. 
Conclusion
The results of this study confirm that adult Australians, and in particular Australian 
adult males, consume more dietary sodium and less potassium than is recommended 
for good health.  An overall reduction in salt in the food supply would be of benefit to 
the whole population as the majority of sodium comes from processed foods. A
decrease in sodium in bread, which is the main source of sodium and consumed by the 
majority of adults, will assist in reducing the sodium intake of Australians. Most 
Australian adults do not eat enough vegetables which are the main source of dietary 
potassium. Meal specific education should focus on choosing lower sodium 
alternatives for lunch and including fruit and vegetables at breakfast and lunch.  The 
consumption of more vegetables and fruit will increase the overall potassium intake, 
which along with a decrease in sodium, will significantly decrease the morbidity and 
mortality associated with high blood pressure related disease. 
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CHAPTER 6
STUDY THREE: Dietary Patterns and Blood Pressure
Related paper title: Associations between dietary patterns and blood pressure in 
a sample of Australian adults (Submitted 17/10/13, European Journal of Clinical 
Nutrition, sent for peer review December, 2013)
6.1 Introduction 
6.1.1 Individual nutrients and the effect on blood pressure
Individual nutrients involved in the development of hypertension have been 
comprehensively studied. Several studies have determined the effects of particular 
nutrients, for example sodium and potassium, on blood pressure (Aburto, Hanson et 
al. 2013; He, Li et al. 2013) and it is now widely accepted that a decrease in sodium 
intake and an increase in potassium intake can both independently reduce blood 
pressure (He and MacGregor 2011; Taylor, Ashton et al. 2011; Aburto, Hanson et al.
2013; Aburto, Ziolkovska et al. 2013; He, Li et al. 2013). The cumulative results of 
these studies has led to the development of several nutrient specific recommendations 
for optimal intake to reduce blood pressure, notably a recommended upper limit for 
dietary sodium and a suggested dietary target for both dietary sodium and potassium 
(National Health and Medical Research Council 2006; World Health Organization 
2012; World Health Organization 2012).
6.1.2 Dietary patterns and blood pressure
People do not consume single nutrients in isolation, rather they consume foods which 
are a mixture of nutrients and non-nutrients.  This makes the contribution of single 
nutrients to risk factors for disease more difficult to determine due to the interactive 
and synergistic effects between the nutrients in foods (Newby and Tucker 2004).  In 
addition, people usually consume foods in specific combinations or patterns, so that 
intakes of certain foods are negatively or positively correlated to several other foods, 
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and thus nutrients. This inter-correlation amongst nutrients and food means that it 
problematic attributing any intervention effects to single nutrients (Schulze, Hoffmann
et al. 2003). In food-based intervention studies that focus on a single nutrient, it is very 
likely that significant changes in other nutrient intakes will also occur which may 
affect results and make it difficult to determine exactly which nutrient caused the 
effect.  Examining the effects of whole diets can provide further insight into the 
relationship between dietary intakes and health. For example, the landmark Dietary 
Approaches to Stop Hypertension (DASH) trial (Appel, Moore et al. 1997) assessed 
the effect of a multifaceted dietary approach. The DASH diet was a diet informed by
the results of single nutrient randomised controlled trials that were effective in 
reducing blood pressure.  The DASH diet was designed to be moderate in sodium and 
high in potassium, magnesium, calcium, protein and fibre. The translation of this diet 
into one that utilised food based nutrient sources resulted in a diet that was is rich in 
fruit, vegetables, low-fat dairy, fish, nuts, seeds and legumes, and low in saturated fat, 
total fat and cholesterol. The falls in systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) observed with the DASH diet in both normotensives (3.5 mmHg and 
2.1 mmHg, respectively) and hypertensives (11.4 mmHg and 5.5 mmHg, respectively) 
were larger than what had previously been observed in single nutrient intervention 
studies.  This study clearly demonstrated that a complex diet, which included a wide 
range of food-based sources of nutrients, was more effective in reducing blood 
pressure than a single nutrient intervention trial. 
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6.1.3 Rationale, aims and hypotheses
Investigating the effects on blood pressure of whole diets and dietary patterns rather than 
individual nutrients can provide further understanding into the complex relationship between 
dietary intakes and blood pressure. Whilst measurement of whole diets is potentially more 
difficult than measurement of single or selected aspects of food habits, dietary pattern analysis 
can contribute to the development of diet-based recommendations for the prevention of 
cardiovascular disease. 
The aims of this study were:
1. To determine and describe the main dietary patterns in this population;
2. To describe any associations between the main dietary patterns and participant 
characteristics;
3. To explore the associations between the dietary patterns and blood pressure; 
4. To explore the relationship between dietary patterns and nutrient intakes; 
5. To determine if there are any differences in nutrient intakes across tertiles of 
dietary pattern score;
6. To explore the associations between nutrient intakes and blood pressure.
The hypotheses were:
x Several specific dietary patterns will be evident in this population sample;
x A dietary pattern characterised by high consumption of sodium containing 
foods and low consumption of potassium containing foods will be positively 
associated with blood pressure;
x A dietary pattern characterised by low consumption of sodium containing 
foods and high consumption of potassium containing foods will be inversely 
associated with blood pressure. 
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6.2 Methods
6.2.1 Study participants
See Chapter 3 Methods, 3.1 Participants
Data from participants with two 24 hr dietary recalls were included in this analysis. 
Table 6.1 shows the original study source of the male and female participants included 
in this analysis (see also Table H1, Appendix H).
Table 6.1 Data included in the dataset for Study three analysis
Study
n
A
102
(61 males, 41 females)
B
54
(51 males, 3 females)
D
95
(95 females)
TOTAL for
Study three
251
(112 males, 139 females)
6.2.2 Measurement of blood pressure 
See Chapter 3 Methods, 3.2 Measurement of blood pressure
6.2.3 Dietary assessment
See Chapter 3 Methods, 3.3 Measurement of dietary intake
All food and drinks recorded on the 24 hr dietary recalls were assigned an eight-digit 
food code based on the Australian Food and Nutrition database (AUSNUT) food codes 
developed by Food Standards Australia New Zealand (FSANZ) and used by the 
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FoodWorks program. The eight-digit codes were derived from two-digit codes, which 
represent the 20 main food groups used in the FoodWorks program (see Table G2,
Appendix G).  
According to similarities in food nutrient profiles, several main food groups were 
combined or a single food group split, based on key nutrients such as sodium, fibre or 
fat. For example, the main food group ‘Milk products and dishes’ was split into four 
food subgroups namely Cheese; Milk and yoghurt– high fat (>1%); Milk and yoghurt–
low fat (<1%) and Soy milk & Flavoured milk. Dietary patterns were based on 34 final 
food subgroups (Table 6.2).
Table 6.2 The 34 food subgroups used in the analysis
Food subgroup Food items
Tea and coffee
Tea
Coffee and coffee substitutes
Vegetable juices Vegetable juices
Fruit juices
Single fruit juices
Mixed fruit juices
Fruit drinks, cordials and 
soft drinks
Fruit drinks and cordials
Soft drinks
Mineral & electrolyte 
drinks
Flavoured mineral waters
Electrolyte drinks
Electrolyte drink bases
Mineral water, soda water
Bread - low fibre (white)
Regular breads, and rolls (white)
Fancy breads, flat breads, English-style muffins and Crumpets
Bread - high fibre
Regular breads, and rolls (mixed grain, wholemeal, rye, high-
fibre white)
BF cereals - high sodium
BF cereals - low sodium
Breakfast cereal, bran, unprocessed
Breakfast cereal, muesli, untoasted
Breakfast cereal, hot porridge type
Cereals and legumes
Flours and other cereal grains and starches
Pasta and rice
Mature legumes and pulses (e.g. lentils, chick peas)
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Table 6.2 cont.
Food subgroup Food items
Pasta and rice dishes
Filled pasta, ravioli
Noodles, Asian style 
Rice products
Flavoured rice
Mixed cereal dishes
Sandwiches
Filled rolls and hamburgers
Savoury pasta and sauce dishes
Savoury rice-based dishes
Mature legume and pulse products and dishes (e.g. baked beans)
Take-away
Pizza
Taco and tortilla-based dishes
Chiko-type' rolls, dim sims and spring rolls
Fried and battered Fish and seafood products (calamari, prawns, 
scallops)
Fats and oils
Dairy fats
Margarine & Vegetable oil
Other fats & Unspecified fats
Cream
Fish and seafood 
Fin fish (excluding canned)
Crustacea and molluscs (excluding canned)
Other sea and freshwater foods
Canned fish and fish 
dishes
Packed (canned and bottled) fish and seafood
Mixed dishes with fish or seafood as the major component
Fruit 
Pome fruit
Berry fruit
Citrus fruit
Stone fruit
Tropical fruit
Other fruit
Mixtures of two or more groups of fruit
Dried fruit, preserved fruit
Mixed dishes where fruit is the major component
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Table 6.2 cont.
Food subgroup Food items
Meats & poultry & egg
Eggs
Muscle meat (beef, pork, lamb, veal)
Game and other carcase meats
Poultry and feathered game
Processed meat
Bacon
Ham
Sausages, frankfurts and saveloys
Processed meat
Mixed dishes where lamb or pork, bacon, ham is the major 
component
Mixed meat, egg and poultry 
dishes
Dishes where egg is the major ingredient
Organ meats and offal, products and dishes
Mixed dishes where beef or veal is the major component
Mixed dishes where lamb or pork, bacon, ham is the major 
component
Mixed dishes where poultry or game is the major component
Dairy milk & yoghurt (> 1% 
fat)
Dairy milk
Yoghurt
Frozen milk products
Other dishes where milk or a milk product is the major 
component (custard, dairy desserts)
Soy milk & flavoured milk
Milk substitutes
Flavoured milks
Dairy milk & yoghurt (< 1% 
fat)
Cheese
Soup
Soup
Dry soup mix
Canned condensed soup
Seeds & nuts
Seeds and seed products
Nuts and nut products
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Table 6.2 cont.
Food subgroup Food items
Sauces & dressings
Gravies and savoury sauces
Pickles, chutneys and relishes
Salad dressings
Herbs, spices, seasonings and stock cubes
Fried potatoes
Potatoes, chips, wedge, hash brown
Potato products
Vegetables
Vegetable dishes
Potato dishes
Dishes where vegetable is the major component
Snacks (Corn, extruded, 
pretzels, etc.)
Savoury biscuits
Snack foods
Potato snacks
Corn snacks
Extruded snacks
Pretzels and other snacks
Cakes and sweets
Sweet biscuits
Cakes, buns, muffins, scones, cake-type desserts
Pastries
Batter-based products
Sugar products and dishes
Sugar, honey and syrups
Alcoholic beverages
Beers
Wines 
Spirits
Other alcoholic beverages
Vegemite
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6.2.4 Urinary assessment
See Chapter 3 Methods, 3.4 Measurement of urinary excretion
6.2.5 Anthropometry
See Chapter 3 Methods, 3.5 Anthropometry
6.2.6 Demographics and lifestyle factors
See Chapter 3 Methods, 3.6 Other Measurements
6.2.7 Statistical analysis
Dietary patterns were derived from the 24 hr recall data using factor analysis with 
principal component analysis extraction and varimax rotation based on the weight of 
food consumed (grams). The number of dietary patterns identified was determined 
based on eigenvalues >1.25, followed by the identification of a break in the scree plot 
and interpretation as per Schulze et al. (Schulze, Hoffmann et al. 2003; Hamer, 
McNaughton et al. 2010). Nine factors had a eigenvalue >1.25, however examination 
of the scree plot revealed that the eigenvalues of the factors decreased substantially 
after third factor and then remained similar indicating that three factors would be 
optimal. 
Items with an absolute factor loading of 0.20 or more were considered to load on a 
factor and thus retained in the dietary pattern score calculation (Schulze, Hoffmann et 
al. 2003; Hoffmann, Schulze et al. 2004). Dietary pattern scores were calculated using 
the weight of each food item and the weighting determined by the factor analysis. Food 
items with absolute factor loadings of less than 0.20 were not considered to 
significantly contribute to a pattern and thus were not included in the dietary pattern 
score calculation.  If a particular food item loaded highly on more than one factor 
(cross-loading), they were retained only in the dietary pattern in which their factor 
loading was highest unless the direction of the factor loading was opposite.  
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Data were analysed using PASW (version 17.0; PASW Inc., Chicago, IL, USA) and 
Statistical Analysis Systems statistical software (version 9.1; SAS Institute, NC, 
USA).  Values are presented as mean (SD) or number (%).  P-values < 0.05 were 
considered significant. 
Unpaired T-tests were used to examine differences in baseline characteristics between 
males and females. Dietary pattern scores were categorised according to tertiles with 
the tertile 1 corresponding to the lowest tertile of dietary pattern score.  Associations 
between dietary pattern scores and categorical variables (gender and lifestyle factors 
such as anti-hypertensive medication use, physical activity, smoking status, and 
education level) were assessed using Chi-square analysis. Associations between 
dietary pattern scores and continuous variables (age and BMI) and were calculated 
using ANOVA. Linear regression analysis was used to explore the associations 
between dietary pattern scores and blood pressure. Models were adjusted for age, 
gender and BMI (model 1), which are known predictors of blood pressure. The models 
were also additionally adjusted for use of anti-hypertensive medication, smoking 
status, physical activity and education (model 2). Adjustments were also made for 
energy intake to determine if the effects were independent of total energy intake 
(model 3).  The fully adjusted model (model 4) was additionally adjusted for alcohol. 
Linear correlation analysis was used to examine bivariate associations between the 
dietary pattern scores and nutrient intakes. Mean nutrient intakes (24 hr recalls) for 
each tertile of dietary pattern score were calculated and linear trends were estimated 
using one-way between groups analysis of variance.  
6.2.8 Ethics
All studies were approved by the Deakin University Human Research Ethics Committee 
(See Chapter 3 Methods, 3.7 Ethics).
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6.3 Results
Of the 344 eligible participants, 251 (73%) had two complete 24 hr dietary recalls and 
were thus included in this analysis. The characteristics of all 251 adult participants 
(139 females and 112 males) are shown in Table 6.3 Compared to males, females were 
older shorter and lighter (all P<0.001), but there was no difference in mean BMI or 
antihypertensive medication usage. Females had a lower home SBP (P=0.026), office 
SBP (P<0.001) and office DBP (P<0.001). The females also had lower energy, sodium 
and potassium intakes than males (all P<0.001) but similar sodium-to-potassium 
molar ratio.
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Table 6.3 Participant characteristics
All              
(n=251)
Males           
(n=112)
Females     
(n=139)
Age (years) 55.1 (9.1) 51.5 (0.6) 58.0 (6.4)***
Age range (years) 28-81 28-81 42-79
Height (cm) 168.3 (9.1) 175.3 (6.0) 162.7 (6.9)***
Weight (kg) 83.8  (13.7) 90.8 (12.0) 78.2 (12.3)***
BMI (kg/m2) 29.5  (3.9) 29.5 (3.1) 29.5 (4.4)
Using 
antihypertensive 
medication (n, %)
97 (38.6%) 41 (36.6%) 56 (40.3%)
Home SBP (mmHg) 128.8 (11.9) 130.6 (12.0) 127.3 (11.7)*
Home DBP (mmHg) 81.3 (8.4) 82.4 (8.3) 80.3 (8.4)
Office SBP (mmHg) 128.9 (13.9) 132.6 (13.4) 125.9 (13.6)***
Office DBP (mmHg) 79.1 (11.6) 84.5 (11.2) 74.8 (9.9)***
Physically active (n, 
%)
64 (25.4%) 32 (28.6%) 32 (23.2%)
Current smoker (n, 
%)
9 (3.6%) 5 (4.5%) 4 (2.9%)
Education level –
high school or lower 
(n, %)
85 (33.9%) 20 (17.9%) 65 (46.8%)
Urinary Na (mmol / 
24 hr)1
129.4 (55.7) 170.9 (53.0) 111.2 (46.4)***
Urinary K (mmol / 24 
hr)1
69.8 (26.4) 85.3 (24.8) 63.1 (24.3)***
Urinary Na:K1 1.98 (0.84) 2.15 (0.80) 1.91 (0.85)
Dietary E (kJ/ day)2 9177.8 ( 3109.3) 11168.8 (3072.8) 7573.4 (2027.0)***
Dietary Na (mmol / 
day)2
119.1 (49.4) 142.7 (52.2) 100.0 (37.5)***
Dietary Na (mg / 
day)2
2738.2 (1135.3) 3282.1 (1199.9) 2299.9 (862.1)***
Dietary K (mmol / 
day)2
91.3 (27.3) 105.3 (26.4) 80.0 (22.5)***
Dietary K (mg / day)2 3570.5 (1068.9) 4117.5 (1034.0) 3129.7 (878.4)***
Dietary 
Na:K2 1.36 (0.54) 1.40 (0.55) 1.32 (0.53)
Values are expressed as mean (SD) or n (%)
Abbreviations: E, energy; Na, sodium; K, potassium; Na:K sodium-to-potassium molar ratio
124 hr urinary excretion, n=194 224 hr recall data, n=251 
Significant difference between males and females, *P<0.05, ***P<0.001 (independent samples t-test) 
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6.3.1 Identification of the dietary patterns
Three major dietary patterns were identified which explained 18.2% of the total 
variation in food intake among individuals in this sample (Table 6.4). Dietary pattern 
1, the ‘Traditional Australian Diet’, was characterised by a high consumption of fruit 
drinks, cordial and soft drinks, processed meat, fried potatoes, alcoholic beverages, 
meats, poultry and egg, sauces and dressings and fats and oils and cheese, and a low 
consumption of tea and coffee, canned fish and fish dishes and low-sodium breakfast 
cereals.  Dietary pattern 2, the ‘Convenience Diet’, consisted of a high consumption 
of low-fibre bread, cereals and legumes, dishes containing meat, poultry and egg, 
mixed cereal dishes and seeds and nuts, and a low consumption of high-fibre bread, 
vegetables, vegetable juices, meat, poultry and egg , low-fat milk and yoghurt and fried 
potatoes. Finally, dietary pattern 3, the ‘Modern Diet’ was characterised by a high 
consumption of high-sodium breakfast cereals, >1% fat milk and yoghurt, take-away 
foods, pasta and rice dishes, fruit juices, soy and flavoured milk and fruit, and a low 
consumption of snacks, cheese, vegetable dishes, vegemite and low-fibre bread (Table 
6.4 and Table H2, Appendix H).
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6.3.2 Associations between dietary patterns and participants characteristics
The three dietary patterns were associated with a number of participant characteristics 
(Table 6.5). The ‘Traditional Australian Diet’ was positively associated with BMI
(P=0.02), and there were more males, anti-hypertensive medication users and smokers 
in the higher tertile of the ‘Traditional Australian Diet’. Males scored more highly for 
the ‘Convenience Diet’ as did those who were younger. There were no associations 
between the ‘Convenience Diet’ and anti-hypertensive medication use, physical 
activity, smoking status, education level or BMI. The ‘Modern Diet’ was not 
significantly associated with any measured lifestyle factors.  
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6.3.3 Associations between dietary patterns and blood pressure
There was a significant positive association with the ‘Convenience Diet’ and home 
SBP which remained after adjustment for age, gender, BMI, use of anti-hypertensive 
medication, smoking status, physical activity, education level and energy intake
(P=0.032) (Table 6.6).  In model 3, each unit increase in consumption of the 
‘Convenience Diet’ was associated with a 1.88 mmHg increase in home SBP.  This 
association remained (P=0.043) when additionally adjusted for alcohol (model 4). The 
‘Traditional Australian Diet’ and the ‘Modern Diet’ were not associated with home 
SBP after adjusting for potential confounders.  There were no significant associations 
with home DBP. There were no associations observed between any of the dietary 
patterns and office blood pressure measures (Table H2, Appendix H). 
Table 6.6  Regression analysis of dietary pattern scores and home blood pressure
Home SBP Home DBP
E 95% CI P-value E 95% CI P-value
Traditional Australian Diet
Model 1 0.10 (1.76, 1.96) 0.916 0.63 (1.98, 0.72) 0.361
Model 2 0.12 (1.82, 2.05) 0.903 0.61 (2.03, 0.80) 0.394
Model 3 0.41 (1.69, 2.50) 0.704 0.45 (1.99, 1.08) 0.561
Model 4 0.13 (2.26, 2.00) 0.904 0.94 (2.49, 0.61) 0.234
Convenience Diet
Model 1 1.78 (0.09, 3.46) 0.039 1.14 (0.09, 2.37) 0.069
Model 2 1.81 (0.10, 3.52) 0.038 1.08 (0.18, 2.33) 0.091
Model 3 1.88 (0.16, 3.60) 0.032 1.14 (0.12, 2.41) 0.075
Model 4 1.76 (0.05, 3.47) 0.043 1.04 (0.21, 2.29) 0.102
Modern Diet
Model 1 0.45 (2.06, 1.16) 0.585 1.10 (2.26, 0.06) 0.064
Model 2 0.32 (1.96, 1.32) 0.701 1.06 (2.26, 0.13) 0.080
Model 3 0.25 (1.91, 1.41) 0.765 1.01 (2.22, 0.19) 0.100
Model 4 0.043 (1.62, 1.71) 0.959 0.79 (1.99, 0.42) 0.202
Model 1 = Adjusted for age, gender and BMI
Model 2 = Model 1 + anti-hypertensive medication use, smoking status, physical activity, education
Model 3 = Model 2 + energy intake
Model 4 = Model 3 + alcohol
Abbreviations: SBP, systolic blood pressure. DBP, diastolic blood pressure
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6.3.4 Associations between dietary patterns and nutrient intakes
The data were split into tertiles of dietary pattern score for each dietary pattern. The mean 
nutrient intakes for each tertile of dietary pattern score are shown in Table 6.7. One-way 
between groups analysis of variance was used to investigate the relationship between dietary 
pattern score and dietary and urinary measures of sodium and potassium.  The ‘Traditional 
Australian Diet’ was positively associated with intakes of energy, sodium, potassium and the 
sodium-to-potassium molar ratio but the associations with sodium and potassium no longer 
remained after adjustment for energy intake. The ‘Convenience Diet’ was positively 
associated with intakes of energy and sodium and the sodium-to-potassium molar ratio and 
inversely associated with potassium. After adjusting for energy intake, the ‘Convenience Diet’ 
was no longer associated with sodium but remained inversely associated with potassium.  The 
‘Modern Diet’ was positively associated with potassium intake and inversely associated with 
the sodium-to-potassium molar ratio.  After adjusting for energy intake, the ‘Modern Diet’ 
remained positively associated with potassium and an inverse association with sodium became 
significant (Table 6.7).
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Study 3: Dietary Patterns and Blood Pressure
6.3.5 Associations between individual nutrients and blood pressure
Whilst the main focus was on the associations between dietary patterns and blood 
pressure, the association of individual nutrients and blood pressure was also explored 
(Table 6.8). Whilst some associations with dietary measures were demonstrated, this
was not the case for urinary measures of sodium, potassium and Na:K. As expected, 
there was a significant inverse association between dietary potassium intake and both 
home SBP (P=0.028) and home DBP (P=0.016) after adjustment for age, gender, 
BMI, use of anti-hypertensive medication, smoking status, physical activity, education 
level and energy intake.  There was also a positive association between the dietary 
sodium-to-potassium molar ratio and home DBP in this adjusted model (P=0.026).  
These associations all remained after additionally adjusting for alcohol intake (model 
4). Dietary sodium intake however, was not associated with home blood pressure 
measurements and there were no associations with any of the urinary excretion 
measures (Table 6.8). In addition there was no association between any of the dietary 
or urinary measures and office blood pressure (Table H3, Appendix H).  
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6.4 Discussion
In this sample of free-living Australian adults three dietary patterns were identified.  
The ‘Convenience Diet’ pattern (dietary pattern 2) was positively associated with 
home SBP and this finding was independent of potential confounding factors such as 
age, gender, BMI, anti-hypertensive medication use, physical activity, smoking status, 
education level and energy intake. Each unit increase in the ‘Convenience Diet’ pattern 
score in this adjusted model was associated with a 1.88 mmHg higher home SBP.  This 
is an important finding as each 20 mmHg increase in SBP has been shown to double 
the risk of CVD across a blood pressure range of 115/75 to 185/115 mmHg in 40-70
year olds (Lewington, Clarke et al. 2002). This positive association remained when 
additionally adjusted for alcohol intake.  
It is difficult to directly compare these results with other studies that have used the 
factor analysis method of dietary pattern analysis, due to the differences in the number 
and composition of food groupings used and differences in the method of dietary data 
collection (e.g. 24 hr recall vs FFQ). In Japan, a dietary pattern characterised by higher 
intakes of vegetables, potatoes, fruits, tofu/fermented soybeans, seaweeds, citrus, 
beans and dried fish was inversely associated with SBP and DBP in women (Sadakane, 
Tsutsumi et al. 2008). In a sample of Chinese men (Lee, Cai et al. 2010) a dietary 
pattern characterised by a high intake of fruit and milk, was inversely associated with 
blood pressure, independent of lifestyle and socioeconomic factors. In the 
Netherlands, van Dam et al (van Dam, Grievink et al. 2003) found an inverse 
association between a diet characterised by vegetable oils, garlic, fried vegetables, rice, 
salad, chicken, fish and wine and SBP.  Whilst in the current study no dietary pattern 
was inversely associated with blood pressure, the ‘Convenience Diet’, which was low 
in vegetables and low-fat dairy, was positively associated with home SBP.
The ‘Convenience Diet’ had a high factor loading for ‘mixed dishes’ (meat, poultry 
and egg dishes; mixed cereal dishes and vegetable dishes) which often involves the 
use of ready-made sauces or packet flavour mixes which are usually very high in 
sodium (up to ~3000 mg / 100 g). Previous research (Margerison, Riddell et al. 2013)
has shown that these mixed dishes (stews, casseroles, curries, stir fries) make a 
significant contribution to the total sodium content of the Australian diet.  As well as 
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these dishes, the ‘Convenience Diet’ was also characterised by a high consumption of 
some high-sodium foods such as white bread and also potentially nuts as most of the 
nuts consumed in this study were salted. It was low in several high-potassium foods 
such as high-fibre bread, vegetables, vegetable juices, low -fat milk and yoghurt and 
fried potato.  The ‘Convenience Diet’ pattern score was positively correlated with 
sodium but also energy intake. It has been shown previously that higher energy intakes 
correlate to higher sodium and potassium intakes (Margerison, Riddell et al. 2013).
Thus to check if the association with sodium was driven by energy, results were 
adjusted for energy intake and there was no longer an association between the 
‘Convenience Diet’ pattern score and energy-adjusted sodium. However, energy-
adjusted potassium intake remained inversely correlated to the ‘Convenience Diet’ 
pattern score. These associations point to the ‘Convenience Diet’ pattern being high in 
foods that are high in both energy and sodium but also, potentially more importantly, 
low in potassium containing foods. There was also some indication that the 
‘Convenience Diet’ was positively associated with home DBP in the unadjusted 
model, however it failed to reach significance and in the fully adjusted model there 
was no indication of any association.  With our sample size of n=251, a post-hoc power 
calculation (SD 12 mmHg for systolic pressure) indicated that there was 80% power 
to detect an effect of 2.09 mmHg per 1 SD of a dietary pattern score at 5% level of 
significance. We observed a significant association for home SBP where a 1 SD 
increase in the ‘Convenience Diet’ score was associated with a clinically significant 
increase of 1.88 mmHg SBP. However the association between the ‘Convenience Diet’
score (1 SD increase with 1.14 mmHg) and home DBP did not reach significance,
which could probably be attributed to insufficient power to detect an association with 
our sample size. A post-hoc power calculation for DBP indicated that the minimum 
effect we could detect was 1.39 mmHg (n=251, SD 8 mmHg, 80% power, at 5% 
significance) with our sample size and we would need at least 495 subjects to detect 
an effect of 1.14 mmHg.
The ‘Traditional Australian Diet’ (dietary pattern 1) was characterised by energy-
dense, nutrient-poor foods and is similar to the Western dietary pattern described by 
other researchers (Eilat-Adar, Mete et al. 2013; Shin, Kim et al. 2013). While this 
pattern is also associated with higher sodium and higher energy, there was no
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relationship with blood pressure. This may be due to this pattern also being associated 
with a higher potassium intake, resulting in a more moderate sodium-to-potassium 
molar ratio than the ‘Convenience Diet’. A high potassium intake has been shown to 
negate some of the negative effects of a high sodium intake (Houston 2011) and it has 
been consistently demonstrated that the sodium-to-potassium molar ratio of an
individual’s diet is more strongly and consistently related to blood pressure 
(INTERSALT 1988) and CVD risk (Cook, Obarzanek et al. 2009) than the sodium 
level alone. The sodium-to-potassium molar ratio was more strongly correlated to the 
‘Convenience Diet’ score than the ‘Traditional Australian Diet’ score. The main 
sources of potassium in the ‘Traditional Australian Diet’ were fried potatoes, meat and 
fruit drinks, which are also potentially high in energy. There was no association with 
potassium once results were adjusted for energy intake. So while a higher consumption 
of this diet may lead to a higher potassium intake, and thus lower sodium-to-potassium 
molar ratio, it is likely also higher in energy.  Previous research has revealed potatoes 
to be the main food source of potassium in the Australian diet providing 8-10% of the 
daily potassium intake (Margerison, Riddell et al. 2013). However, given that this 
pattern loaded highly on fried potatoes specifically, it potentially involves additional 
salt and fat, which will increase the sodium content of the diet and decrease the overall 
nutritional value.
In contrast to the ‘Convenience Diet’, the ‘Modern Diet’ (dietary pattern 3), contained 
many high-potassium foods such as breakfast cereals, milk and yoghurt, fruit juices, 
soy milk and fruit and was low in high-sodium foods such as snack foods, cheese, 
vegetable dishes, vegemite and white bread.  Considering the foods included in the 
‘Modern Diet’ pattern, it is not surprising that it was positively associated with 
potassium and negatively associated with sodium-to-potassium molar ratio and these 
associations were consistent whether intake was measured using dietary assessment or 
urinary excretion.  Although there was some indication that this diet was inversely 
associated with home DBP, this was not significant and there was no association with 
home SBP.  The ‘Modern Diet’ pattern was the only pattern where both the energy-
adjusted associations were significant. There was an inverse association with energy-
adjusted sodium and a positive association with energy adjusted potassium but still no 
significant effect on blood pressure. 
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When dietary indexes or dietary scores are used to assess overall diet quality as a 
measure of healthy eating patterns, female gender, older age and higher income or 
education level have been associated with better diet scores (Kant 2004).  In the current 
study, there was no association with education observed for any of the dietary patterns 
but this may be because overall this study population was well educated and there was 
quite a narrow range of education levels.  There was however, an association with 
gender, with males being more likely to consume both the ‘Traditional Australian Diet’ 
and the ‘Convenience Diet’, which had the least favourable sodium, potassium and 
sodium-to-potassium molar ratio profiles and thus are more likely to have negative 
effects on blood pressure.  The ‘Convenience Diet’ was also inversely associated with 
age. These results are consistent with previous research which has also shown an 
association between the consumption of convenience meals and gender and age, with 
men and younger adults being more likely to consume ready-meals (van der Horst, 
Brunner et al. 2011) . Convenience food use has also been shown to be associated with 
poor cooking skills (van der Horst, Brunner et al. 2011; Hartmann, Dohle et al. 2013).
The ‘Traditional Australian Diet’ was associated with several lifestyle factors known 
to increase CVD. Some studies (Lee, Cai et al. 2010) exclude those on anti-
hypertensive medication or who report a history of hypertension or other CVD due to 
the potential for people to significantly change their dietary intake.  A study conducted 
in Spain, (Tormo, Navarro et al. 2000) found that an awareness of hypertension 
diagnosis was related to an increase in vegetable consumption. Those on anti-
hypertensive medications were included in the current analysis and there was no 
association between any of the dietary patterns and anti-hypertensive medication use. 
A key strength of this study is the use of home blood pressure measurements, which 
have been shown to share the many advantages of ambulatory monitoring. Measuring 
blood pressure at home more closely reflects real life conditions and as such is more 
reproducible and more able to predict hypertensive organ damage (European Society 
of Hypertension-European Society of Cardiology Guidelines 2003). There is also no 
‘white-coat’ effect with home blood pressure monitoring. In addition, this study 
assessed the dietary intake of free-living men and women, on two non-consecutive 
days. There were no associations observed between any of the dietary patterns and 
office blood pressure measures highlighting the benefits of using use of repeated blood 
pressure measurement at home.
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Limitations
The selection or creation of the food groups used is critical in exploratory factor 
analysis. The food groups created for this study were based on the key nutrients for 
blood pressure, which was the health outcome of interest, and thus this may be 
considered a strength over using generic food groups.  The use of two 24 hr recalls for 
dietary assessment may not be considered reflective of usual intake, but one or two
days’ worth of data have been used previously in dietary pattern analysis (Beaudry, 
Galibois et al. 1998; Menotti, Kromhout et al. 1999). Dietary patterns are strongly 
correlated with several other lifestyle factors, although the key factors known to affect 
blood pressure (age, sex, BMI, anti-hypertensive use, smoking, physical activity) were 
controlled for in analysis. It is likely however that a younger population, for example, 
may result in different patterns being identified. The study population used in this 
analysis may not be representative of the Australian population since this group 
volunteered to participate in dietary intervention studies and therefore these results 
cannot necessarily be generalised to the Australian population. It is likely that the 
dietary intake in the current sample is more homogenous than that of the general 
population as the selection criteria excluded those who ate their main meal outside the 
home more than twice a week and those who drank more than 30 standard drinks per 
week. Thus with less variation in dietary intake, there may be less ability to detect 
associations with blood pressure. Although the sample size in the current study was 
less than 300 individuals, this is comparable to other analyses assessing associations 
between dietary patterns and other markers of chronic disease (Hu, Rimm et al. 1999;
Torres, Lautenschlager et al. 2012).
Conclusion
In this study a dietary pattern characterised by higher intake of white bread, cereals 
and legumes, mixed dishes and seeds and nuts, and lower intake of low-fat milk and 
yoghurt, vegetable juices, vegetables, high-fibre bread, meat, poultry and eggs and 
fried potatoes was associated with a higher systolic blood pressure.  Furthermore, this 
dietary pattern was associated with a lower intake of potassium and a higher intake of 
energy which increases the sodium content, both known to be key risk factors for CVD 
(Aburto, Hanson et al. 2013; Aburto, Ziolkovska et al. 2013; He, Li et al. 2013;
Koliaki and Katsilambros 2013). These results lend support to the current 
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recommendations to increase intakes of high potassium, low energy foods such as 
fruits and vegetables and low fat dairy products, for cardiovascular health. The 
Australian Dietary Guidelines also promote a dietary pattern high in foods from the 
fruit and vegetables and reduced-fat dairy food groups, and recommend limiting foods 
containing added salt (National Health and Medical Research Council 2013). Further 
studies in larger samples of varying dietary intakes would be able to confirm these 
important results.
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CHAPTER 7
7. Discussion and conclusion
7.1 Dietary intakes of sodium and potassium
Through the use of 24 hr urine collections it was possible to determine dietary sodium 
and potassium intakes in this population. Sodium intakes were higher than the 
suggested dietary target of 70 mmol per day and potassium intakes were below the 
suggested dietary target of 120 mmol per day confirming results of other recent, small 
Australian studies (Margerison and Nowson 2006; Brinkworth, Wycherley et al. 2008;
Ireland, Clifton et al. 2010).  Only 12% of participants met the sodium suggested 
dietary target and just 5% met the potassium suggested dietary target. Whilst recent 
national data for Australian adults on sodium and potassium intakes is not available, 
most research has found that the majority of adults in the Western world consume 
more sodium and less potassium than is recommended for good health (Brown, 
Tzoulaki et al. 2009).
Comparison of dietary and urinary assessment methodology revealed that mean 
sodium intake assessed from two 24 hr dietary recalls was significantly lower than the 
mean urinary excretion, despite the values being significantly correlated. This 
underestimation was larger for males than females, was not consistent across intake 
levels and did not appear to be affected by discretionary salt use, thus meaning a simple 
adjustment cannot compensate for using dietary methodology. Other studies (Leiba, 
Vald et al. 2005; Villani, Clifton et al. 2012) found larger levels of underestimation 
than reported here for sodium. This is most likely due to these other studies reporting 
higher mean sodium intakes than those currently observed in this study. Mean dietary
potassium intake assessed by dietary methodology was significantly higher than mean 
urinary excretion, despite a significant correlation between the two values. As 
discussed previously, the accuracy and comprehensiveness of any nutrient database 
used will affect these sorts of comparisons and needs to be recognised as a potential 
limitation. 
Dietary intake, assessed using two 24 hr dietary recalls was able to classify study 
participants into the correct tertile of intake.  Thus dietary recalls can be used for 
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screening a population to identify those with high or low dietary intakes of sodium and 
potassium, and is important for identification of food and meal time sources of these
nutrients. However, at the individual level the use of two non-consecutive days’ worth 
of 24 hr recall data does not give an acceptable estimation of sodium or potassium 
intake and urinary assessment is required. 
These findings have several important implications. At the population level, mean 
intakes and compliance with national nutrient targets should be assessed and 
monitored so that the effectiveness of any public health strategies can be measured,
and for this 24 hr urinary assessment methodology is necessary as dietary assessment 
does not provide a useful assessment of the actual intake of a group or population.  At 
the individual level, an individual’s sodium and potassium intake should be first 
quantified using at least one 24 hr urinary collection. Personalised dietary counselling 
should then be provided focussing on the main sources of the nutrients obtained from 
dietary assessment. 
7.2 Dietary sources of sodium and potassium
To assist in the development of more appropriate dietary advice to help populations 
and individuals decrease sodium and increase potassium intakes, the main food 
sources of these nutrients and when they are being consumed needs to be determined. 
This information can only be obtained through dietary assessment. In Study two, 
breads and cereals were the food group contributing most sodium to the diet with bread 
the main contributor, providing 20% of the total daily sodium intake (Margerison, 
Riddell et al. 2013). This is consistent with studies conducted in many Westernised 
countries (Fischer, Vigneault et al. 2009; Meneton, Lafay et al. 2009; Thomson 2009;
Anderson, Appel et al. 2010; Charlton, Yeatman et al. 2010; Villani, Clifton et al.
2012; Keogh, Lange et al. 2013) but different from studies conducted in Asian 
populations (Anderson, Appel et al. 2010) where the main sources are soy sauce and 
salt added in cooking. There is a need for regular monitoring of the main sources of 
nutrients as changes in food formulation and food trends will affect the key sources. 
Bread is commonly consumed and is the main source of sodium. Food technologists 
and the food industry need to develop ways to reformulate bread, and other processed 
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foods, to gradually decrease the sodium content. An Australian study conducted on 
110 adults, found that a 25% total decrease in sodium content of white bread, made as 
small regular decreases of 5% each week for five weeks, was achievable without any 
effect on taste or liking (Girgis, Neal et al. 2003). Similarly other research has shown 
that there was no change in bread consumption when the sodium content was reduced 
by 50% (Bolhuis, Temme et al. 2011). Despite this potential, recent research 
(Dunford, Eyles et al. 2011) has indicated that whilst there is significant variation in 
the sodium content of breads available in Australia (ranging from 115 to 770 mg per 
100 g bread) only 50% of the breads assessed, meet the Australian Food and Health 
Dialogue’s voluntary sodium target of 400 mg / 100 g (Food and Health Dialogue 
2012). It is acknowledged that reformulation needs to be done gradually as smaller 
changes will be less easily detected (Rodgers and Neal 1999) but it has also been 
suggested that once consumers get used to lower sodium levels they may actually 
develop a preference for a lower sodium diet (Bertino, Beauchamp et al. 1986). With 
some breads already down to 115 mg sodium per 100 g, it appears that it is possible to 
manufacture and sell lower sodium breads. Many types of bread had sodium levels 
over 400 mg / 100 g so there is certainly potential for further reductions to occur over 
time. This may require the voluntary targets to be mandated by the Commonwealth 
Government. 
The sodium content of other key sources also needs to be reduced by food 
manufacturers, in particular processed meats such as ham and bacon and simmer 
sauces used for making dishes such as curries, stir fries and casseroles which were 
found to be significant sources in Study two.  The Food and Health Dialogue
(Department of Health and Ageing 2011), which was established on 2009 as a joint 
government-industry-public health initiative, has proposed voluntary targets for both 
processed meats (1090 mg sodium per 100 g bacon or ham and 830 mg per 100 g 
emulsified luncheon meat) and simmer sauces (15% reduction). There are also targets 
for ready-to-eat breakfast cereals, soups, savoury pies, potato/corn/extruded snacks, 
savoury crackers and cheese (Food and Health Dialogue 2013). The noodles and 
condiments categories are the next to be addressed under the Food and Health 
Dialogue. Reformulation techniques may need to consider the use of potassium 
chloride instead of sodium chloride as a way of decreasing sodium and increasing 
potassium.
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With respect to potassium, vegetable products and dishes were the main dietary source 
and were consumed by almost all participants. Participants consumed an average of 
216 g fruit products/dishes and 288 g vegetable products/dishes.  Recent nationally 
representative dietary intake data is lacking. The 1995 National Nutrition Survey data 
(the most recent national survey) revealed a daily intake for adults of 144 g fruit 
products and 259 g vegetable products (de Looper and Bhatia 2001). The more recent 
2011-2012 Australian Health Survey did not quantify dietary intake but found that 
48% of Australian adults reported that they usually met the guideline for daily fruit 
intake, and 8% met the guideline for daily vegetable intake (Australian Bureau of 
Statistics 2012). These values were almost identical to those found in 2004-2005 
(Australian Bureau of Statistics 2006) but are potentially an overestimation as a dietary
record was not completed but instead participants self-assessed how they thought their 
intake compared to recommendations. 
In order to meet the suggested dietary target for potassium of 120 mmol per day, 
consuming the recommended two serves of fruits and five serves of vegetables, whilst 
an important start, is not enough. For example consuming 150 g of apple and 150 g
banana would provide approximately 675 mg (17 mmol) of potassium and 75 g each 
of potato, carrot, tomato, onion and pumpkin would provide another ~966 mg (25 
mmol), still only about one-third of the suggested dietary target.  Other foods are thus 
important sources also. In Study two (chapter 5) milk and bread were also key sources
of potassium. Consuming the recommended 2.5 serves of dairy (assuming one serve 
of milk and 0.75 serves each of cheese and yogurt) would provide another ~800 mg 
(20 mmol) and consuming the recommended six serves of grain (assuming four serves 
of bread and 1 serve each of pasta and rice) would provide another ~210 mg (5 mmol). 
This however, in total is still not even half the suggested dietary target. Whilst other 
foods do also provide small amounts of potassium, it appears meeting the suggested 
dietary target is difficult and specific dietary counselling would likely be required, 
potentially for those at higher risk of hypertension. Other advice such as using 
potassium sparing cooking methods (e.g. steaming and baking, rather than boiling) 
may also need to be considered to assist in meeting this important dietary 
recommendation. 
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Snacks, or foods consumed outside of the main meals, were not a significant sodium 
source in this study as the vast majority of the sodium came from main meals. This 
information can help determine the most appropriate foods for sodium reduction 
initiatives such as the Food and Health Dialogue’s sodium reduction targets. Product 
reformulation needs to focus on products consumed at main meals such as bread, 
processed meats and simmer sauces, rather than snacks in order to significantly reduce 
population level intakes of sodium.  Snacks were however a good source of potassium
and morning tea and supper were the only meals that had a Na:K less than 1.0. This 
was mainly because foods such as milk, yoghurt and fruit were consumed at these 
times. 
7.3 Dietary patterns and the association with blood pressure
The complex nature of dietary intake, the smaller than predicted effect on blood 
pressure of single nutrient studies and the success of the DASH diet (Appel, Moore et 
al. 1997) shifted the focus somewhat from the study of single nutrients to the study of 
whole diets or dietary patterns, and their resulting impact on blood pressure. As diets 
are specific to countries, and often vary within countries, data on the main patterns 
within a specific population are required to assist in the development of 
recommendations that are relevant to that population. 
Within the current sample population, a dietary pattern characterised by a high 
consumption of low-fibre bread, cereals and legumes, dishes containing meat, poultry 
and egg, mixed cereal dishes and seeds and nuts, and a low consumption of high-fibre 
bread, vegetables, vegetable juices, meat, poultry and egg, low-fat milk and yoghurt 
and fried potatoes, was associated with a higher home systolic blood pressure. Overall 
this pattern was high in the main sodium source (bread) and low in key potassium 
sources (vegetables and dairy). This is the first time in Australian adults that an 
association between a dietary pattern and blood pressure has been found. Those who 
were younger and who were male were more likely to consume this dietary pattern, 
which indicates a suitable group to target for dietary education. If, in future work in 
larger samples, these patterns can be replicated further research will need to focus on 
understanding why these patterns appear and the underlying environmental and social 
determinants of these patterns. 
144
Discussion and conclusion
7.4 What needs to be done to decrease sodium intakes and increase 
potassium intakes?
7.4.1 Salt reduction initiatives 
The abundance of evidence linking high sodium, low potassium diets to hypertension 
and cardiovascular disease (Aaron and Sanders 2013; Aburto, Hanson et al. 2013;
Aburto, Ziolkovska et al. 2013; He, Li et al. 2013), means this serious public health 
concern needs urgent attention.  The World Health Organization has encouraged all 
countries reduce the average salt intake to less than 5 g per day via national salt 
reduction strategies (World Health Organization 2012) as these approaches have been 
shown to be both achievable and cost effective (Asaria, Chisholm et al. 2007). Details 
of 32 national salt reduction initiatives have been reported (Webster, Dunford et al.
2011). Of these, 27 countries have set a national target for dietary salt intake which 
ranges from 5 to 8 g per day.  The most successful initiatives have been in Finland and 
the United Kingdom. The salt reduction campaign in the United Kingdom achieved an 
average 0.9 g per day reduction in salt consumption from 2003 to 2008 (MRC – Human 
Nutrition Research 2008). In Finland, there was a fall in average population salt intake 
from 12 g per day to 9 g per day from 1978 to 2002 (Laatikainen, Pietinen et al. 2006).
It is clear that Australians consume too much sodium from processed foods and too 
little potassium, mainly due to a lack of fruit and vegetables. Meeting sodium and 
potassium targets will be challenging and thus will require government support. A
collaborative approach is required to decrease sodium via a national salt reduction 
campaign and to increase potassium intakes via initiatives promoting fruit and 
vegetable consumption. 
In Australia, in 2007 AWASH launched the Drop the Salt! Campaign (Webster, 
Dunford et al. 2012) in an effort to reduce the average amount of salt consumed by 
Australians to 6 g per day over five years. Unfortunately little progress has been made 
due to the limited action of the food industry and the Australian government.  In fact, 
it has been suggested that despite voluntary salt reduction targets, the salt level in more 
than 28,000 products for sale in Australian supermarket increased by 9% on average 
between 2008 and 2011 (The George Institute for Global Health and Australian 
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Division of World Action on Salt and Health 2012).  So whilst the Food and Health 
Dialogue voluntary reformulation targets (Food and Health Dialogue 2013) are a good 
starting point, not enough is being done as only nine food categories have had targets 
set since May 2010 and companies have been given very long timeframes to take 
action (e.g. 3-4 years). There is also no formal objective reporting and no plan for any 
revision of the targets already set. Furthermore the first target set was for bread,
however bread remains the main source of sodium in Australia. One of the main 
concerns is the fact that the program is still voluntary meaning only some food 
companies are engaged. The success of salt reduction programs in the United States 
(The New York City Department of Health and Mental Hygiene 2008) and Canada 
(Health Canada 2010) has been limited because only voluntary targets have been set. 
The United Kingdom on the other hand, has had success with voluntary targets but the 
targets and timelines are strict, but still practical, and have been revised based on 
evaluation (Food Standards Agency 2009). On the contrary, the campaign in Finland 
(Laatikainen, Pietinen et al. 2006; Pietinen, Valsta et al. 2008) has been most 
successful in achieving what Australia has not been able to do. The keys to the success 
in both Finland and in the United Kingdom was not only the multifaceted approach 
taken but also the fact the programs were sustained for a long period and involved 
strong government leadership. 
The Australian Government needs to learn from salt reduction initiatives globally 
(Webster, Dunford et al. 2011) and work with relevant stakeholders and fund a 
sustained, multipronged, National Salt Reduction Program that involves all of the 
following:
x ongoing mass media campaigns to educate consumers and increase 
awareness of the risks associated with high salt diets;
x education of health care workers;
x food industry reformulation – with the setting of stricter targets that are  
achievable from both a technological and timeframe sense;
x legislation of the maximum salt levels in the main sources of sodium 
(breads, sauces, processed meats);
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Monitoring of the mean population intake and the main sources of sodium is vital 
(Neal, Sacks et al. 2013) and also monitoring of consumer knowledge and behaviours.
Organisation such as AWASH and other relevant bodies need to lobby for a National 
Salt Reduction Program to be funded as what is currently being done is not enough.
The effect of any salt reduction strategies and public health recommendations to 
reduce salt intake need to consider the effect on iodine status of the population as salt 
is the primary vehicle for iodine fortification in many countries. Iodine is an essential 
nutrient and is required by the body to make thyroid hormone which is essential for 
the normal functioning of the brain and nervous system, and for controlling 
metabolism. Iodine-deficiency is a major public health concern and has started to re-
emerge in countries like Australia due to the decreased use of iodine containing 
sanitizers in the dairy industry, the decreased use of iodised salt and low intakes of 
rich dietary sources (Eastman 1999; Li, Ma et al. 2001; Charlton, Yeatman et al. 2013).
Unlike other countries, Australia has not adopted universal salt iodisation, it is not 
mandatory that table salt be iodised, and processed foods are not required to use 
iodised salt. However, Australia did introduce mandatory inclusion of iodised salt into 
bread in October 2009 (Food Standards Australia and New Zealand 2008).
The WHO endorses the universal salt iodisation (USI) and well as national salt 
reduction strategies. Whilst this may seem a contradiction, both can happen 
concurrently. The experts in iodine fortification say there is no conflict because as the 
salt intake is reduced the amount of iodine in iodised salt can simply be increased
(Zimmermann 2010). Studies have compared the iodine status of those with high and
low intakes of sodium and found no association between urinary iodine and 24 hr 
urinary sodium excretion (Charlton, Jooste et al. 2013; Charlton, Land et al. 2014). A
modelling study conducted in the Netherlands (Verkaik-Kloosterman, van 't Veer et 
al. 2010) also predicted that even with a 50% reduction in salt intake, only a small 
proportion of the population would then have inadequate iodine intake. The fact that 
most sodium comes from processed foods which is unlikely to contain iodised salt, 
may explain this lack of association. Although in Australia the situation is different as 
Standard 2.1.1 of the Food Standards Code requires the replacement of non-iodised
salt with iodised salt in all bread when salt is added, except organic bread (Food 
Standards Australia and New Zealand 2009). Ongoing monitoring of iodine status is 
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required to ensure iodine status is not compromised, with reductions in population salt 
intakes. Should this occur then changes in iodine concentrations in iodised salt can and 
should be made. 
7.4.2 Increasing fruit and vegetables
Most of the dietary potassium comes from vegetables and fruit and very few
Australians meet recommended intake levels. The International Fruit and Vegetable 
Alliance (IFAVA) (International Fruit and Vegetable Alliance 2004) was formed in 
2004 with an aim to encourage and foster efforts to increase fruit and vegetables 
consumption globally for better health by supporting national initiatives, promoting 
efficiencies, facilitating collaboration on shared aims and providing global leadership. 
Australia’s ‘Go for 2 & 5®’ (Department of Health and Ageing 2002) is part of this 
alliance and was launched in Western Australia in 2002 and then nationally in 2005
and aimed to increase awareness in parents and carers of children of the health benefits 
of eating fruit and vegetables. From 2002 to 2005, the Western Australian ‘Go for 2 & 
5®’ campaign did result in an increase of 0.8 serves of fruit and vegetables per day 
(Pollard, Miller et al. 2008). However, other research has shown that fruit and 
vegetable intakes of Australians have remained relatively stable despite dietary 
guidelines and public health awareness campaigns. More awareness and funding of 
these campaigns is vital at the national level. Currently the ‘Go for 2 & 5®’campaign 
is not active in Victoria or Western Australia.
Similar campaigns have been developed overseas such as ‘5+ A Day’ in New Zealand
(The 5+ A Day Charitable Trust 2007), ‘Fruit and veggies - mix it up’ in Canada
(Canadian Produce Marketing Association) and ‘Fruits and Veggies-More Matters’ in 
the United States (Produce for Better health Foundation 2007). Data show that 
awareness of both the ‘Fruits and Veggies-More Matters’ campaign and the 
recommended intake of fruit and vegetables was poor but consumption of more than 
five serves of fruit and vegetables was associated with awareness of the campaign 
(Erinosho, Moser et al. 2012). Earlier research (Stables, Subar et al. 2002) showed
that adults who were aware of the ‘5 A Day’ message consumed about 1.5 more daily 
servings of fruits and vegetables than those who were unaware of the message. This 
indicates that increased awareness of campaigns is required to support higher intakes.
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Food fortification is the alternative option for increasing potassium intakes. The use 
of potassium chloride (KCl), for example in bread is one such strategy. It has been 
reported that whilst technically, the production of bread with a reduced salt content is 
certainly feasible, it will require some work to adjust the sensory characteristics to 
make it acceptable to the consumer (Belz, Ryan et al. 2012). A small study conducted 
in the UK found that substituting both chloride and non-chloride salts of potassium for 
the usual NaCl in white bread, found no difference in acceptability, but a considerable 
benefit in the Na:K (Braschi, Gill et al. 2009). Substituting salt (NaCl) for KCl would 
have a dual benefit in decreasing sodium and increasing potassium.  If KCl is widely 
used, the risk of hyperkalaemia needs to be considered, especially in those with renal 
insufficiency or the very young. A salt substitute containing KCl and magnesium
sulphate has been tested in the China Salt Substitute Study (China Salt Substitute Study 
Collaborative 2007). This study produced a decrease in blood pressure using the salt 
substitute instead of usual salt, without any adverse effect on the acceptability of food 
(Li, Prescott et al. 2009). The effect of high potassium, reduced sodium salt substitute 
is about to be trialled in a study in Lithgow, Australia (Land, Jeffery et al. 2014). These 
other potential options for increasing potassium intake are promising and require 
further research into long term effectiveness and cost benefits. 
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7.5 Conclusion
The research contained in this thesis provide further evidence that Australians 
consume too much sodium and too little potassium and the majority do not meet the 
recommended intakes. The abundance of evidence linking high sodium, low potassium 
diets to hypertension and cardiovascular disease, means it is time for Australia to take 
a positive step in tackling this serious public health concern. Bread and other processed 
foods provide the majority of sodium in the diet of Australians and action is required 
by food manufacturers to decrease the sodium content of processed foods.  In 
particular, the younger males in this cohort, are consuming a dietary pattern associated 
with higher blood pressure, suggesting an appropriate target group for interventions.    
The Government’s role is to provide an environment where people can live healthy 
lives and so action is required on several fronts: 1) multifaceted national salt reduction 
campaigns need to be prioritised, funded and implemented; 2) national campaigns 
focussing on increasing fruit and vegetables also need to be funded; and 3) there is a 
need for appropriate and regular assessment and monitoring of population intakes of 
sodium and potassium using 24 hr urinary assessment methodology. Strong action on 
these items by a committed Government will help improve the health status of 
Australians. 
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7.6 Future Research
There is still a lot more work to be done to achieve a population decrease in sodium 
intake and increase in potassium intake. More research is needed in several areas 
following on from what was undertaken in this thesis.  A larger sample size is needed 
to confirm the mean intake of sodium and potassium, and the main sources and dietary 
patterns and would enable comparisons between different ages and BMI ranges. The 
2011-2012 Australian Health Survey data is due to be released in mid-2014 and would 
provide the ideal data set for this purpose. 
How misreporting of dietary intake, either intentional or unintentional, effects the 
assessment of sodium and potassium intakes, when using dietary methodology needs 
to be explored. There is data on how many other macronutrients and micronutrients 
are affected by misreporting (Bingham 1987), but not these two specifically. Snacks 
have been reported as being more likely to be missed on dietary recalls compared to 
food consumed at main meals (Ferguson, Gibson et al. 1994). The finding within this 
thesis around discretionary salt usage requires further exploration. If a correction 
factor could be developed to apply to those who do add salt, this would assist in 
improving the accuracy of dietary assessment of sodium intakes for those who use 
discretionary salt.  
Further investigation of the food sources of sodium and potassium would be useful. In 
particular, using food codes at the 8 digit level to enable specific foods and food 
subgroups (such as processed meats, specific types of bread) to be looked at 
individually would be useful. Taking this a step further and quantifying the amount of 
each food eaten would also assist in getting a better picture of the overall diet in terms 
of actual foods, rather than just nutrient content. Examination of any differences in the 
food sources of sodium between those who do and don’t use discretionary salt would 
also be interesting and assist in understanding this behaviour and if it is somewhat 
compensated for in other food choices. A comparison of the key food sources of both 
sodium and potassium in those with high and low intakes, may help understand better 
choices for both nutrients, and thus provide specific practical examples in terms of 
foods and meals.  
151
Discussion and conclusion
An area not explored in this thesis, but which would be invaluable to assist in the 
development of intervention strategies, is the influence on sodium and potassium 
intakes of such factors as diagnosis of hypertension, family history of hypertension 
and socioeconomic status, as well as programs such as the National Heart Foundation 
Tick Program (National Heart Foundation 2010) or labelling such as “reduced salt” or 
“no added salt”. 
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Appendix A
Appendix A: Intervention Study Information
Study A compared the effect on blood pressure of 3 test diets: a low-sodium, high-potassium 
diet (LNAHK diet); a high-calcium diet (HC diet); and a moderate-sodium, high-potassium, 
high-calcium diet (OZDASH diet; a diet similar to the Dietary Approaches to Stop 
Hypertension (DASH) diet (Appel, Moore et al. 1997)). This study utilised a crossover design.  
Participants were seen twice at baseline and randomly assigned 2 of the test diets to follow in 
random order. Each participant followed a control diet for 2 weeks followed by one of the 3 
test diets for 4 weeks, followed by the control diet again for 2 weeks and finally a different 
test diet for 4 weeks. Each participant followed the OZDASH diet as either the first or second 
test diet. The control diet was a low potassium diet, with participants asked to maintain their 
usual intake of salt. During the intervention period (control and test diets), participants were 
seen at either their work site or the Nutrition Research Centre every 2 weeks. Phone contact 
was made with the participants during the week they were not seen by the researcher. For more 
detail on study A, please refer to the main blood pressure analysis (Nowson, Worsley et al.
2004).
Study B was a 12-week dietary intervention study designed to assess the effect on blood 
pressure of 2 weight-reduction diets: a low-fat diet (LF diet) and a moderate-sodium, high-
potassium, high-calcium, low-fat DASH diet (WELL diet). Participants were seen three times 
at baseline, were then randomised to either of the two test diets and were seen at their work 
site or at the study centre, at weeks 2, 4, 8, and 12. Phone contact was made with the 
participants at weeks 6 and 10.  For more detail on study B, please refer to the main blood 
pressure analysis (Nowson, Worsley et al. 2005).
Study C was an 8-week intervention study aimed at determining the effect on blood pressure 
of a daily milk mineral mix (MMM) supplement. Participants were seen three times at their 
worksite during the baseline period, and were then randomised to receive either a daily MMM 
or the placebo. During the intervention period, participants were seen at their work site at 
fortnightly intervals. There was no dietary intervention and participants were asked not to 
change any aspect of their diet. 
Study D was a 14-week dietary intervention study aimed at determining the effect on blood 
pressure of two different diets: a diet high in red meat, fruit and vegetables and dairy 
(MOZDASH diet); and a diet high in carbohydrate and low in fat (HCLF diet). Participants 
were seen three times at baseline, and then randomised to one of the two test diets.  During the 
intervention period, participants were seen at the Nutrition Research Centre at weeks 2, 4, 8, 
12 and 14. Phone contact was made with the participants at weeks 6 and 10.
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Appendix B: Blood pressure instructions
x Office Blood Pressure Measurement protocol 
x Home Blood Pressure Monitoring Information sheet
x Home Blood Pressure Monitoring Recording sheet
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Office Blood Pressure Protocol 
 
1. Ask the subject to sit in the chair facing the window. 
2. Check the subject has abstained from smoking, ingesting 
coffee or alcohol and from strenuous physical activity for 
at least 1 hour prior to the measurement.  (If not, note 
this in the folder). 
3. Place the blood pressure cuff onto the left arm and 
ensure the subject is comfortable and has had their blood 
pressure measured before. (If not explain how it will feel). 
4. Move the monitor out of the subjects view and explain 
they can see the results at the end if desired. 
5. Explain the protocol to the subject: 
i. 5 min rest before the first measurement 
ii. Try to relax 
iii. 4 readings in total, two minutes apart 
iv. No talking for the whole time 
v. It may inflate twice if a reading cannot be 
taken 
vi. The monitor will beep when it is about to take 
a reading 
6. After 5 min rest, turn the monitor on. 
7. Check the cycle is set to 2 minutes. 
8. Inform the subject the first reading is about to 
commence. 
9. Record all four readings in the file. 
10. Remove the cuff and turn off the monitor. 
11. If subject takes antihypertensives, note time of last dose 
in the participant file. 
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HOME BLOOD PRESSURE MONITORING 
 
As you are aware, we are testing the effect of different diets on blood pressure, 
so accurate blood pressure readings are vital.   
x During the control stages we require a set of 3 measurements daily for 
the whole 2-week period.  
x Then we require a set of 3 blood pressure measurements on 
3 separate days per week in the first 2 weeks of each diet stage, 
x  Then daily measurements in the second 2 weeks of each diet stage.   
Measurement of blood pressure with the monitor you have been given is quite 
easy, but the following method must be followed.   
 
Note: Please try to take your own blood pressure in the same quiet situation 
every time. (E.g. take the measurements always in the morning or always in the 
afternoon not in the morning one day and in the afternoon the next day). Please 
abstain from smoking, ingesting coffee or alcohol and from strenuous physical 
activity for at least 1 hour before each test. *Please make a note on the record 
sheet if these instructions were not followed for any reason. 
 Method: 
1) Choose a set time to do the readings (e.g. between 4pm and 8pm) and take the 
measurements at approximately this time each day. 
 
2) Sit alone, in a quiet room for 5 minutes BEFORE you take the first reading 
and sit there as quietly as possible (especially no talking) until the  readings have 
been completed. 
 
3) Always use the left arm for measurement. 
 
4) At each sitting, take 3 measurements. 
 
5) Allow one minute between each measurement. 
 
6) Write down the day, date, arm used and time of each measurement on the 
sheet provided. You do not need to record the actual blood pressure readings as 
the machine stores all readings in its memory. Write down the time (on the blood 
pressure machine display) that all measurements were started (even if they were 
not completed). Tick all completed measurements in the appropriate column. If 
you were interrupted, stop the measurement.  Restart again when possible after 
the interruption and record that the measurement was incomplete. 
 
*If you are menstruating please note this on the record sheet on the appropriate 
days.
If you have any questions at all please call The Diet and Blood Pressure Study 
(Claire or Mandy) on 9244 6324.
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Appendix C: 24 hr urine collection information
x 24 hr urine collection information sheet
x 24 hr urine recording sheet
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24-HOUR URINE COLLECTION 
 
A 24-hour urine sample is required once in each control stage of the study and 
twice during every diet stage of the study.  It is vital we obtain these samples 
accurately to determine if the diets are changing certain nutrient levels. 
 
Please note the following: 
x You can pass urine directly into the urine containers 
x Do not fill the bottle past the line as it is more likely to leak 
x Discard all toilet tissue into the toilet as usual 
x It is crucial that we get every drop of urine excreted in the 24-hour 
period (after your first urination) into the container. 
x If you need to pass urine and also use your bowels, please pass the urine 
into the bottle first and then use your bowels after. 
x ALWAYS screw the lid on firmly and place the bottle(s) in 2 bags if 
possible!!! 
 
Method: 
 
1. Obtain urine container(s) from Nutrition Research Centre or research 
assistant. 
2. Pick a 24 hour period that suits you to collect the sample (preferably 
finishing the day of your visit or as close to your visit as possible) 
3. When you get up in the morning pass this sample of urine into the toilet.  
DO NOT collect this first urination, as this is the urine that has collected 
in your bladder overnight.  However, DO record the date and time of this 
first urination on the sheet provided. This is the beginning of your 24-
hour period. 
4. Collect all urine for the next 24 hours.  The last urination at the end of 
the 24-hour period must be collected. Please note the date and time of 
the final urination on the sheet provided.  
5. Once the sample is completed, keep it in a cool place until you bring it to 
your next visit.  It does not have to be refrigerated but must be kept cool 
to avoid any unpleasant odour. Pack the sample in two carry bags if 
possible to reduce the chance of leakage. 
 
In the sample provided we will measure urinary levels of the following: 
x Sodium 
x Potassium 
x Calcium 
x Magnesium 
 
If you have any questions regarding this please contact The Diet and Blood 
Pressure Study (Claire or Mandy) on 9244 6324.  
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24-HOUR URINE RECORDING SHEET 
 
 
24 hr urine sample: 
 
Date of first urination:  
 
____ / ____ / ____ 
(First urination not collected) 
 
Time of first urination: ______ am  
(First urination not collected) 
 
Date of last urination:  
 
____ / ____ / ____ 
(Last urination collected) 
 
Time of last 
urination:
 
______ am 
(Last urination collected) 
 
 
Total number of urine containers used:  __________ 
 
 
Comments: 
 
 
 
 
Office Use only: 
Weight:  ___________g 
Comments:  
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Appendix D: Study Questionnaires
x Screening and recent health questionnaire
x Background questionnaire
x Medications questionnaire
x Physical activity questionnaire – Study A only
x Physical activity questionnaire – Study B, C, D
x 24 hr recall questionnaire
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SCREENING AND RECENT HEALTH QUESTIONNAIRE          
 
If you think you would like to take part in our dietary study please answer the following questions 
which will help us assess your suitability for the study.
Q1 Are you male or female? (Please circle)
MALE FEMALE
Q2 What is your date of birth?
____ / ____ / ____ 
Q3 What is your most recent blood pressure reading? (If known)
Q4 Are you pregnant or trying to get pregnant? (Please circle)
NO YES
Q5 Are you breast-feeding? (Please circle)
NO YES
Q6 Approximately what is your height in bare feet? 
__________ cm  OR _______ ft _____ inches
Q7 Approximately how much do you weigh?
___________ kgs OR ____________stones ______ lbs
Q8 Approximately how many times do you usually go out for dinner each week?
________________ times
Q9 How often do you drink alcohol? (Circle one number)
0 I DON’T DRINK ALCOHOL 3 ON 3 OR 4 DAYS A WEEK
1 LESS THAN ONCE A WEEK 4 ON 5 OR 6 DAYS A WEEK
2 ON 1 OR 2 DAYS A WEEK 5 EVERY DAY
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If you do drink alcohol, on average how much of the following do you drink per week:
No. Standard drinks per week
Wine
Beer
Spirits
Other: _____________
Q10 Are you currently on a diet for any reason? (Please circle)
NO YES
If yes, please give details:
Reason Details (e.g. what you have cut out or included)
Q11 Have you ever been diagnosed with any of the following conditions? (Please circle YES or NO for 
each condition)
Insulin Dependent Diabetes YES NO
Non-Insulin Dependent Diabetes YES NO
Heart disease YES NO
High blood pressure YES NO
High cholesterol YES NO
Stroke YES NO
Arthritis YES NO
Cancer YES NO
Osteoporosis YES NO
Q12 Please list any other medical conditions you have ever had.  If none please write “nil”.
Q13 Are you taking any non-prescribed dietary or nutritional supplements? (Please circle)
NO YES, I take: ____________________________________
Q14 Have you smoked in the last month? (Please ci r cle)
NO (go to 13b) YES (go to 14a)
14a. If you answered YES, On average, how much did you smoke?
……… cigarettes per day
……… cigars per day
……… grams pipe tobacco per week
14b. If you answered NO, Are you an ex-smoker? NO YES
14c. Does anyone else in your household smoke? NO YES
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BACKGROUND QUESTIONNAIRE
Please answer these questions accurately so that we can examine general relationships between 
blood pressure, health and diet.
1 What is your usual occupation? (Be specific)
_____________________________
2 Are you: (Circle number/s)
1. EMPLOYED FULL TIME
2. EMPLOYED PART TIME
3. NOT IN PAID EMPLOYMENT
4. UNEMPLOYED
5. STUDENT FULL TIME
6. STUDENT PART TIME
7. RETIRED
3 Are you: (Please circle one number)
1. MARRIED
2. DE FACTO
3. SEPARATED
4. DIVORCED
5. WIDOWED
6. NEVER MARRIED
4 What is your highest level of schooling? (Please circle one number)
1. NEVER ATTENDED SCHOOL
2. PRIMARY SCHOOL
3. SOME HIGH SCHOOL
4. HIGH SCHOOL
5. TECHNICAL OR TRADE CERTIFICATE
6. UNIVERSITY OR TERTIARY QUALIFICATIONS
5 How many adults (over 18 years of age) live in your household (including yourself)?
_________
6 How many children (under 18 years of age) live in your household?
_________
7 What is your country of birth?
________________________________
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8 What are your parents’ countries of birth?
Mother _________________
Father __________________
9 Which is the cultural group with which you identify most? (Circle one number)
1. ABORIGINAL/TORRES STRAIT ISLANDER - AUSTRALIAN
2. ANGLO-AUSTRALIAN
3. ITALIAN-AUSTRALIAN
4. GREEK-AUSTRALIAN
5. GERMAN-AUSTRALIAN
6. DUTCH-AUSTRALIAN
7. VIETNAMESE-AUSTRALIAN
8. OTHER (PLEASE SPECIFY):
______________________________
10 If you live with a spouse or partner, what is their usual occupation?
(Be specific)
________________________________
11 What is the total level of income per annum (before tax) in your household? (Circle one number)
1. Up to $30 000
2. $30 001 - $50 000
3. $50 001 - $80 000
4. $80 0001 or more
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MEDICATIONS QUESTIONNAIRE
1 If you are CURRENTLY taking any medication for high blood pressure,
please specify the NAME of the medication, the DOSE and the LENGTH OF 
TIME on the medication(s).
Tick if not currently taking any medication for high blood pressure.
Name of medication Dose Duration of use
2 Please specify the NAME of the medication, the DOSE, the DURATION OF 
USE and the reason for using ANY OTHER medication(s) you are currently 
taking, including the oral contraceptive pill (“the pill”).
Tick if not currently taking any OTHER MEDICATIONS.
Name of medication Dose Duration of use Reason for taking 
medication
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YOUR USE OF PRESCRIPTION MEDICATIONS
3 In the past month have you taken any of the following? Please circle Yes or No for each one.
a Prescription medications for arthritis
YES
NO
b Prescription medications for diabetes
YES 
NO
c Prescription medications for heart problems
YES 
NO
d Prescription medications for blood pressure 
YES 
NO
e Prescription fluid tablets / diuretics
YES 
NO
f Prescription medications for osteoporosis
YES 
NO
g Prescription medications to lower cholesterol/triglycerides
YES
NO
h Prescription asthma medications
YES
NO
i Prescription skin ointments/creams
YES
NO
j Prescription laxatives
YES
NO
k Prescription medications for allergies
YES
NO
l Prescription pain relievers
YES 
NO
m Prescription sleeping medications
YES 
NO
n Prescription medications for anxiety/nervous tension/depression
YES 
NO
o Prescription tranquillisers or sedatives (not included above)
YES 
NO
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YOUR USE OF NON PRESCRIPTION MEDICATIONS
4 In the past month have you used any of the following? Please circle a response for each one.
Multivitamins NO      SEVERAL TIMES      ABOUT DAILY
Specific Vitamins (eg Vit E, B, C etc) NO      SEVERAL TIMES      ABOUT DAILY
Mineral supplements (eg calcium tablets ) NO      SEVERAL TIMES      ABOUT DAILY
Evening primrose oil/fish oils NO      SEVERAL TIMES      ABOUT DAILY
Herbal medicines (eg ginseng) NO      SEVERAL TIMES      ABOUT DAILY
Homoeopathic medicines NO      SEVERAL TIMES      ABOUT DAILY
Oat bran or wheat bran NO      SEVERAL TIMES      ABOUT DAILY
Soy products of any sort NO      SEVERAL TIMES      ABOUT DAILY
Headache tablets/capsules NO      SEVERAL TIMES      ABOUT DAILY
Anti histamines (not prescribed) NO      SEVERAL TIMES      ABOUT DAILY
Medications for coughs/colds NO      SEVERAL TIMES      ABOUT DAILY
VISITS TO HEALTH PRACTITIONERS
5 During the past year about how often have you visited the following therapists? Please circle.
1 Medical General Practitioner NEVER      SOMETIMES      MONTHLY       WEEKLY
Medical specialist doctor NEVER      SOMETIMES      MONTHLY       WEEKLY
Naturopath/alternative medicine therapist NEVER      SOMETIMES      MONTHLY       WEEKLY
Physiotherapist NEVER      SOMETIMES      MONTHLY       WEEKLY
Chiropractor NEVER      SOMETIMES      MONTHLY       WEEKLY
Psychologist NEVER      SOMETIMES      MONTHLY       WEEKLY
Dietitian NEVER      SOMETIMES      MONTHLY       WEEKLY
Another health practitioner please describe: 
__________________________
NEVER      SOMETIMES      MONTHLY       WEEKLY
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PHYSICAL ACTIVITY QUESTIONNAIRE (- Study A)
(From the Active Australia Survey AIHW)
1.  We Would Like To Ask You About The Physical Activity You Did In The Last Week:
Walking
1a) IN THE LAST WEEK, how many times have you walked continuously, 
for at least 10 minutes, for recreation/exercise or to get to or from places?
___________ times
1b) What do you estimate was the total time that you spent walking in this 
way IN THE LAST WEEK? _________ minutes
Gardening or heavy yardwork
1c) IN THE LAST WEEK, how many times did you do any vigorous 
gardening or heavy work around the yard, which made you breathe 
harder or puff and pant? ___________ times
1d) What do you estimate was the total time that you spent doing vigorous 
gardening or heavy work around the yard IN THE LAST WEEK?
_________ minutes
VIGOROUS physical activity (excluding household chores, 
gardening or yardwork)
1e) IN THE LAST WEEK, how many times did you do any vigorous physical 
activity, which made you breathe harder or puff and pant? (e.g. jogging, 
cycling, aerobics, competitive tennis, etc) ___________ times
1f) What do you estimate was the total time that you spent doing this 
vigorous physical activity IN THE LAST WEEK? _________ minutes
MODERATE physical activity (excluding household chores, 
gardening or yardwork)
1g) IN THE LAST WEEK, how many times did you do any other more 
moderate physical activity that you haven't already mentioned? (e.g. 
gentle swimming, social tennis, golf etc) ___________ times
1h) What do you estimate was the total time that you spent doing these
activities IN THE LAST WEEK? _________ minutes
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2.  We Would Like To Ask You About The Physical Activity You Did In The Last Six Months
(excluding household chores, gardening or yardwork):
2a) On average, IN THE LAST SIX MONTHS, how much time did you spend 
each week walking for recreation/exercise or to get to or from places? 
(THIS IS WALKING CONTINUOUSLY FOR AT LEAST 10 MINUTES) _________ minutes   
per week
2b) On average, IN THE LAST SIX MONTHS, how much time did you spend 
each week doing vigorous physical activity which made you breathe 
harder or puff and pant? (e.g. jogging, cycling, aerobics, competitive 
tennis, etc)
_________ minutes   
per week
2c) On average, IN THE LAST SIX MONTHS, how much time did you spend 
each week doing any other more moderate physical activity that you 
haven’t already mentioned (e.g. gentle swimming, social tennis, golf, etc) _________ minutes   
per week
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PHYSICAL ACTIVITY QUESTIONNAIRE (- Study B, C, D)
CHAMPS Activities Questionnaire
Developed by
Institute for Health and Aging
University of California San Francisco (UCSF)
Stanford Center for Research in Disease Prevention
Stanford University
Instructions: We are interested in finding out about the kinds of activities you do as part of your 
everyday life. You will be asked about activities you do at work, to get from place to place, as 
part of your house and yard work, and in your spare time for recreation, exercise or sport. 
1. Which of the following statements best describes how active you have been during the past 4 
weeks, that is, had hobbies, work, social activities, or other activities that kept you busy? 
(Tick one box)
Not at all active  1
A little active  2
Fairly active  3
Quite active  4
Very active  5
Extremely active  6
2. Which of the following statements best describes how physically active you have been during 
the past 4 weeks, that is, done activities such as brisk walking, swimming, dancing, general 
conditioning, or recreational sports? (Tick one box)
Not at all active  1
A little active  2
Fairly active  3
Quite active  4
Very active  5
Extremely active  6
3. During the past 4 weeks, about how many flights of stairs did you climb during a typical day? 
(one flight = 12-15 steps, equivalent to going from one floor to another) (Tick one box)
None
 1
Less than one  2
1-2 flights  3
3-4 flights  4
5 or more flights  5
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Instructions: Read Carefully
4. Think about the past 4 weeks. The next few pages list various activities you might have 
done. Before you begin, please review the following steps and examples: 
Step #1: Number of times each week
x For each activity, write on the line provided how many times each week, on average, you 
did that activity. 
x If you did an activity less than once a week or not at all, please write “0” on the line 
provided
For example, if you did not do the activity at all or did it less than once a week during 
the past 4 weeks (see Example A)
Example A Step #1
Activities Number of 
times a week
(If none, write “0”)
Less than 
1 hr/wk
1-2½ 
hrs/wk
3-4½ 
hrs/wk
5-6½ 
hrs/wk
7-8½ 
hrs/wk
9 or more 
hrs/wk
Mow lawns
Times  
a week  _0_ Î A B C D E F
Step #2: Total time, on average, each week
x If you did the activity at least once a week, circle one letter representing how much total 
time, on average, you spent doing it each week (see Example B)
For example, if you did the activity on average 3 times a week for a total of 1½ hours:
Example B         Step #1
       Step #2
Activities Number of 
times a week
(If none, write “0”)
Less than 
1 hr/wk
1-2½ 
hrs/wk
3-4½ 
hrs/wk
5-6½ 
hrs/wk
7-8½ 
hrs/wk
9 or more 
hrs/wk
Use 
computer
Times 
a week  _3_ Î A B C D E F
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Appendix D
24 hr RECALL QUESTIONNAIRE
 
Day and Date Recalled ___________________ 
  
Meal Time Food Quantity 
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Meal Time Food Quantity 
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Checklist: 
    
Lollies Chocolate Sweet/savoury Biscuits Cakes/buns 
Mineral Water Soft drinks Alcohol Fruit juice 
Tea/Coffee Milk /yoghurt Sugar Fruit  / Nuts / Seeds 
Take away foods Eating out Chips Sauce/mayo/gravy/dressing 
Salt in cooking Salt at the table Salt substitutes Dietary supplements 
 
 
,VWKLVDXVXDOGD\·VLQWDNH"<(612: 
List differences: 
 
 
 
 
 
 
 
 
Pattern of Intake: 
6NLSSLQJPHDOV" 
Food in between mHDOV" 
0DLQPHDOOXQFKRUWHD" 
+RWPHDODWOXQFK" 
9HJHWDULDQ" 
:HHNHQGGLIIHUHQFHV" 
 
 
Other comments 
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Appendix E: Original intervention study consent forms and 
plain language statements
x CONSENT FORM:  OZDASH – Diet and Blood Pressure Study
x PLAIN LANGUAGE STATEMENT 
x CONSENT FORM:  WELL Study 
x PLAIN LANGUAGE STATEMENT 
x CONSENT FORM:  Milk Mineral Mix Study
x PLAIN LANGUAGE STATEMENT 
x CONSENT FORM:  MOZDASH Study
x PLAIN LANGUAGE STATEMENT 
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DEAKIN UNIVERSITY
ETHICS COMMITTEE
CONSENT FORM:  OZDASH – Diet and Blood Pressure Study
I,                                                                                               of
Hereby consent to be a subject of a human research study to be undertaken
by Professor Tony Worsley of the School of Health Sciences, Deakin University
and I understand that the purpose of the research is to determine the effects of dietary change 
on blood 
pressure and  quality of life.
I acknowledge
That the aims, methods, and anticipated benefits, and possible risks/hazards of the research 
study, have been explained to me.
That I voluntarily and freely give my consent to my participation in such research study.
I understand that aggregated results will be used for research purposes and may be
reported in scientific and academic journals.
Individual results will not be released to any person except at my request and on my 
authorisation.
That I am free to withdraw my consent at any time during the study, in which event my 
participation  in the research study will immediately cease and any information obtained 
from me will not be used.
Signature:                                                                             Date:
  
NOTE:
In the event of a minor's consent, or person under legal liability, please complete the 
Ethics Committee's "Form of Consent on Behalf of a Minor or Dependent Person".
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DEAKIN UNIVERSITY 
ETHICS COMMITTEE
PLAIN LANGUAGE STATEMENT 
Professor Tony Worsley and Dr. Caryl Nowson (Senior Lecturer) are undertaking a
research project to determine the effect of moderate dietary changes on blood pressure 
and people’s feelings of wellbeing. 
High blood pressure (hypertension) is one of the key risk factors for strokes and heart 
disease. This condition is common among middle aged and older persons in Australia. 
The results of recent studies have shown that diets which contain a lot of fruit, 
vegetables, nuts, seeds and low fat dairy products help to reduce blood pressure levels. 
Most of the previous studies have been conducted under very strictly controlled 
conditions. This study is aimed at helping people to gently improve their diets and 
gradually increase their physical activity under the normal conditions of everyday life.
I would like to invite you to take part in this study to help us determine if moderate 
dietary changes can reduce blood pressure and improve feelings of wellbeing. 
The project will last 13 weeks. You will be asked to follow your normal diet for 1 
week, a control diet (see list below) for 2 weeks, a diet from the list for 4 weeks, then 
follow the control diet for a further 2 weeks followed by a different diet from the list 
below. It will involve you in a series of tests conducted at fortnightly intervals 
throughout the study.  Each visit will take between 30 –60 minutes. These tests will 
include you giving a blood sample of 10ml or 2 teaspoons on five occasions, having 
your height, weight, waist, hip and blood pressure measured, giving a 24-hour sample 
of urine (on 7 occasions), and completing several questionnaires. The blood sample 
will be analysed for blood lipids (triglycerides, total cholesterol, HDL cholesterol, 
apolipoproteins, leptin, (sex hormones: oestrogen, progesterone, and testosterone). We 
are also interested in assessing the effect of any particular genes to your blood pressure 
or other risk factors for common diseases e.g. diseases of the heart and blood vessels, 
arthritis and obesity (excessive body fat).  We will also assess different genes in the 
sample of blood you provide. We will ask you to collect some saliva, by chewing on 
a small piece of cotton wool for 1 minute and place this into a tube on 7 occasions over 
2 days and repeat this procedure 4 times on the different diets. We will measure cortisol 
(a hormone related to stress) in your saliva. We will ask you to take your blood 
pressure at home every day throughout the study. We will ask you to wear a 24-hr 
blood pressure monitor on 4 occasions. This will take your blood pressure at 30-minute 
intervals throughout the day and night.  The questionnaires will ask you to report on 
your recent food consumption, physical activity, how you have been feeling, and to 
provide some information about yourself (eg your occupation, age etc). You will be 
entirely free not to take part in any tests you do not want to complete or to refrain 
from answering any questions you wish.
During the three-month trial you will be asked to select foods for consumption in TWO 
of THREE dietary treatments. Everyone will follow the OZDASH diet for 4 weeks. 
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You will have an equal chance of being included in one of the other two diets, as the 
participants will be allocated to treatments on a random basis. You will be required to 
follow the control diet for 2 weeks at the beginning and 2 weeks in the middle of the 
study.  The dietary treatments are:
1. Control diet (everyone).   You will be asked to follow your normal diet, but 
restrict your dairy foods to one serve a day and fruits and vegetables to 5 serves 
per day.
2. High fruit and vegetable and low salt.  We will ask you to eat more fruit 
and vegetables (at least 8 serves per day) and avoid salty foods and use low salt 
foods.
3. OZDASH (everyone): High fruit and vegetable, high dairy foods and 
moderate salt.  We will ask you to eat more fruit and vegetables (at least 8 
serves per day) and avoid salty foods and have three to four serves per day of low 
fat dairy products, like milk and yogurt.
4. High low fat dairy foods. We will ask you to have four serves per day of low 
fat dairy products, like milk and yogurt.
The project team will provide each participant with materials (eg recipes, buying and 
cooking tips) and other advice to enable them to follow their diets. Kits for following 
any of the above diets will be made available at the end of the study to any 
participants who request them. 
Blood and urine analysis will be used to measure nutritional changes before and 
after the interventions.  This requires the collection of urine for a 24-hour period in 
special containers, which will be provided. A blood sample will be taken from a vein 
in the arm using a needle.  This procedure may cause bruising, fainting and minor 
discomfort, so an anaesthetic cream will be used to reduce this discomfort, if you 
wish.  
Qualified health science personnel will conduct all the tests.  Testing times will be 
arranged for a time that is convenient to you and may be conducted at Deakin 
University or some other convenient location.  There will be no costs involved with 
your participation in this study.  You can withdraw from the study at any time, and can 
refuse to participate in any part of the project. 
The names of the subjects who participate in this research will be kept separate from 
the data and will only be associated with the data through a coding system.  All 
records of the results will be stored in a secure place at Deakin University for a 
minimum of 2 years, to ensure confidentiality.  You will receive a report of your results 
at the completion of all testing.  The Australian Dairy Research and Development 
Corporation is funding this study and summaries of the general findings will be sent 
to the Corporation.
If you have any queries at all, please contact Claire or Mandy in the School of Health 
Sciences on  (03) 9244 6324.
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DEAKIN UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE
CONSENT FORM:  
I,                                                                                               of
Hereby consent to be a subject of a human research study to be undertaken
by 
Professor Tony Worsley and Associate Professor Caryl Nowson 
of the School of Health Sciences, Deakin University 
and I understand that the purpose of the research is 
to determine the effect on body weight and blood pressure of 2 weight loss dietary 
interventions combined with a standardised physical activity program
I acknowledge
That the aims, methods, and anticipated benefits, and possible risks/hazards of the research 
study, have been explained to me.
That I voluntarily and freely give my consent to my participation in such research study.
I understand that aggregated results will be used for research purposes and may be 
reported in scientific and academic journals.
Individual results will not be released to any person except at my request and on my 
authorisation.
That I am free to withdraw my consent at any time during the study, in which event my 
participation in the research study will immediately cease and any information obtained from 
me will not be used.
Signature:                                                                             Date:
  
NOTE:
In the event of a minor's consent, or person under legal liability, please complete 
the Ethics Committee's "Form of Consent on Behalf of a Minor or Dependent 
Person".
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DEAKIN UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE
PLAIN LANGUAGE STATEMENT
Professor Tony Worsley and Associate Professor Caryl Nowson of School of Health 
Sciences at Deakin University are undertaking a research project to determine the 
effectiveness of dietary interventions combined with physical activity to effect weight 
and assess the effects on blood pressure and blood lipids.
High blood pressure (hypertension) and increased weight are two of the key risk 
factors for strokes and heart disease. These conditions are common among middle aged 
and older persons in Australia. The results of recent studies have shown that diets, 
which contain a lot of fruit, vegetables, fish, nuts, seeds and low fat dairy products, 
help to reduce blood pressure levels. This study is aimed at helping people to improve 
their diet, lose weight and gradually increase their physical activity under the normal 
conditions of everyday life.
We would like to invite you to take part in this study to help us determine if these 
moderate dietary changes can reduce body weight and blood pressure. 
The project will last 14 weeks. You will be asked to follow your normal diet for 2 
weeks, and then you will be randomised to one of 2 weight loss diets for 12 weeks. 
For the 12 weeks whilst on the diet, you will also be asked to try to participate in a 
self-selected regular physical activity program (e.g. walking) for at least 30 minutes 
on most, or preferably all, days of the week.
This study will involve you in a series of tests conducted at fortnightly or monthly 
intervals throughout the study. Each visit will take between 30 and 60 minutes. These 
tests will include having your height, weight, and waist, hip and head circumferences 
measured, and completing several questionnaires. The questionnaires will ask you to 
report on your recent food consumption, physical activity, how you have been feeling, 
and to provide some information about yourself (eg your occupation, age etc). 
We will ask you to take your blood pressure at home every day throughout the study 
on a monitor provided to you. Detailed instructions and demonstrations will be 
provided.
We also ask you to give a blood sample of 10ml (or 2 teaspoons) on four occasions.  
The blood sample will be analysed for blood lipids (triglycerides, total cholesterol, 
HDL cholesterol), vitamins and minerals, homocysteine, apolipoproteins, leptin and 
hormones (e.g. oestrogen, progesterone and testosterone). We are also interested in 
assessing the effect of any particular genes to your blood pressure or other risk factors 
for common diseases e.g. diseases of the heart and blood vessels, arthritis and obesity 
(excessive body fat).  We will also assess different genes in the sample of blood you 
provide. 
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We will ask you to collect a small amount of saliva, by chewing on a small piece of 
cotton wool for 1 minute and place this into a tube on 7 occasions over 2 days and 
repeat this procedure 3 times throughout the study. We will measure cortisol (a 
hormone related to stress) in your saliva. 
We will ask to measure the elasticity of your arteries at baseline, mid way through and 
at completion of the study.  This involves a measurement of blood pressure and 
measurement with a non-invasive probe (similar to a pen) that is placed on the wrist 
or leg.
You will be entirely free not to take part in any tests you do not want to complete 
or to refrain from answering any questions you wish.
For the 14-week dietary intervention you will be randomised to ONE of TWO dietary 
treatments. You will have an equal chance of being included in either diet, as the 
participants will be allocated to treatments on a random basis.  Everyone will follow 
the same physical activity program for the whole 12 weeks.  The dietary treatments 
are:
1. MODIFIED OZDASH DIET: High fruit and vegetable, high low fat dairy 
foods, moderate salt and weight reduction.  We will ask you to eat more 
fruit and vegetables (at least 8 serves per day), avoid salty foods and have at 
least three serves per day of low fat dairy products (like milk and yogurt) whilst 
restricting total energy intake.
2. HEART FOUNDATION’S GUIDELINES: We will ask you to follow the National 
Heart Foundation’s guidelines on weight loss and provide you with the resource 
booklet titled “The Healthy Weight Guide”.
All participants will be provided with the Australian National Physical Activity 
Guidelines  (National Heart Foundation “Be Active Every day” booklet).  Supervision 
and motivation will be provided as necessary for the individuals to maintain a certain 
minimum level of exercise.
Blood analysis will be used to measure certain parameters before, during and after
the interventions.  A blood sample will be taken from a vein in the arm using a needle.  
This procedure may cause bruising, fainting and minor discomfort, so an anaesthetic 
cream will be used to reduce this discomfort, if you wish.  Fully trained and qualified 
professionals will take all blood samples.
Qualified health science personnel will conduct all the tests.  Testing times will be 
arranged for a time that is convenient to you and may be conducted at Deakin 
University or some other convenient location.  There will be no costs involved 
with your participation in this study.  You can withdraw from the study at any 
time, and can refuse to participate in any part of the project.  
The names of the subjects who participate in this research will be kept separate 
from the data and will only be associated with the data through a coding system.  
All records of the results will be stored in a secure place at Deakin University for 
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a minimum of 5 years, to ensure confidentiality.  You will receive a report of your 
results at the completion of all testing.  The Australian Dairy Research and 
Development Corporation is funding this study and summaries of the general 
findings will be sent to the Corporation. 
If you have any queries at all, please contact Claire, Michelle, Susan or Sandra at 
Deakin University School of Health Sciences on  (03) 9244 6324
Should you have any concerns about the conduct of this research project, please contact the 
Secretary, Ethics Committee, Research Services, Deakin University, 221 Burwood Highway, 
BURWOOD VIC 3125. Tel (03) 9251 7123 (International +61 3 9251 7123)
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DEAKIN UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE
CONSENT FORM:  
I,                                                                                               of
Hereby consent to be a subject of a human research study to be undertaken
by 
Professor Tony Worsley and Associate Professor Caryl Nowson 
of the School of Health Sciences, Deakin University 
and I understand that the purpose of the research is 
to examine the effects on blood pressure of a novel milk mineral mix containing 
antihypertensive food compounds 
I acknowledge
That the aims, methods, and anticipated benefits, and possible risks/hazards of the research 
study, have been explained to me.
That I voluntarily and freely give my consent to my participation in such research study.
I understand that aggregated results will be used for research purposes and may be reported 
in scientific and academic journals.
Individual results will not be released to any person except at my request and on my 
authorisation.
That I am free to withdraw my consent at any time during the study, in which event my 
participation in the research study will immediately cease and any information obtained from 
me will not be used.
Signature:                                                                             Date:
  
NOTE:
In the event of a minor's consent, or person under legal liability, please complete 
the Ethics Committee's "Form of Consent on Behalf of a Minor or Dependent 
Person".
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DEAKIN UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE
PLAIN LANGUAGE STATEMENT
Professor Tony Worsley and Associate Professor Caryl Nowson of the School of 
Nutrition and Exercise Sciences at Deakin University are undertaking a research 
project to determine the effects of a milk mineral mix supplement on blood pressure.
High blood pressure (hypertension) is one of the key risk factors for strokes and heart 
disease. This condition is common among middle aged and older persons in Australia. 
The results of recent studies have shown that diets, which contain a lot of fruit, 
vegetables, fish, nuts, seeds and low fat dairy products, help to reduce blood pressure 
levels. This study is aimed at determining if a simple once daily milk mineral mix 
(which contains calcium, potassium and magnesium) can decrease blood pressure with 
no change in diet.
We would like to invite you to take part in this study to help us determine if this supplement 
can reduce blood pressure. 
The project will last 12 weeks. You will be randomised to either the placebo group or 
the intervention group for 8 weeks.  The placebo will look the same as the Milk 
Mineral Mix powder and will contain glucose and starch.  Up to 1 tablespoon of 
powder (Milk Mineral Mix or placebo) will be consumed daily for the duration of the 
study (8 weeks). Up to 400mls of orange juice or orange juice drink will also be 
provided, to be consumed each day.
This study will involve you in a series of tests conducted at fortnightly intervals 
throughout the study.  Each visit will take between 30 and 60 minutes. These tests will 
include having your height, weight, and waist, hip and head circumferences measured, 
giving a 24-hour sample of urine (on 4 occasions) and completing several 
questionnaires. The questionnaires will ask you to report on your recent food 
consumption, physical activity, how you have been feeling, and to provide some 
information about yourself (eg your occupation, age etc). 
We will ask you to take your blood pressure at home every day throughout the study 
on a monitor provided to you. Detailed instructions and demonstrations will be 
provided. 
We also ask you to give a blood sample of 10ml (or 2 teaspoons) on 2 occasions.  The 
blood sample will be analysed for blood lipids (triglycerides, total cholesterol, and 
HDL cholesterol), vitamins and minerals, homocysteine, apolipoproteins, leptin and 
hormones (e.g. oestrogen, progesterone, and testosterone). We are also interested in 
assessing the effect of any particular genes to your blood pressure or other risk factors 
for common diseases e.g. diseases of the heart and blood vessels, arthritis and obesity 
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(excessive body fat).  We will also assess different genes in the sample of blood you 
provide. 
We will ask to measure the elasticity of your arteries.  This involves a measurement of 
blood pressure and measurement with a non-invasive probe (similar to a pen) that is 
placed on the wrist or leg.
At the beginning of the study we will ask you to fill in the Spielberger State Trait 
Anxiety Scale, which measures an individual’s level of anxiety.   
You will be entirely free not to take part in any tests you do not want to complete 
or to refrain from answering any questions you wish.
For the 8-week study intervention period, you will be randomised to ONE of TWO groups. You will 
have an equal chance of being included in each group, as the participants will be allocated on a random 
basis.  
Blood analysis will be used to measure certain parameters before and after the intervention.  
A blood sample will be taken from a vein in the arm using a needle.  This procedure may cause 
bruising, fainting and minor discomfort, so an anaesthetic cream will be used to reduce this 
discomfort, if you wish.  Fully trained and qualified professionals will take all blood samples.
Qualified health science personnel will conduct all the tests.  Testing times will be arranged 
for a time that is convenient to you and may be conducted at Deakin University or some other 
convenient location.  There will be no costs involved with your participation in this study.  
You can withdraw from the study at any time, and can refuse to participate in any part of the 
project. 
The names of the subjects who participate in this research will be kept separate from the data 
and will only be associated with the data through a coding system.  All records of the results 
will be stored in a secure place at Deakin University for a minimum of 5 years, to ensure 
confidentiality.  You will receive a report of your results at the completion of all testing.  The 
Australian Dairy Research and Development Corporation is funding this study and summaries 
of the general findings will be sent to the Corporation.
If you have any queries at all, please contact Claire or Michelle at Deakin University, School of Exercise 
and Nutrition Sciences on (03) 9244 6324.
Should you have any concerns about the conduct of this research project, please contact the 
Secretary, Ethics Committee, Research Services, Deakin University, 221 Burwood Highway, 
BURWOOD VIC 3125. Tel (03) 9251 7123 (International +61 3 9251 7123)
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DEAKIN UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE
CONSENT FORM:  
I,                                                                       of                                                              ,                     
(Name in full) (Home address)
Hereby consent to be a subject of a human research study to be undertaken
By Associate Professor Caryl Nowson
and I understand that the purpose of the research is to examine the effects on bone density 
and blood pressure of two types of diets 
I acknowledge
1. That the aims, methods, and anticipated benefits, and possible risks/hazards of the 
research study, have been explained to me.
2. That I voluntarily and freely give my consent to my participation in such research study.
3. I understand that aggregated results will be used for research purposes and may be 
reported in scientific and academic journals.
4. Individual results will not be released to any person except at my request and on my 
authorisation.
5. That I am free to withdraw my consent at any time during the study, in which event my 
participation in the research study will immediately cease and any information 
obtained from me will not be used.
Signature:                                                                                      Date:
NOTE:
In the event of a minor's consent, or person under legal liability, please complete the 
Ethics Committee's "Form of Consent on Behalf of a Minor or Dependent Person".
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DEAKIN UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE
PLAIN LANGUAGE STATEMENT
Associate Professor Caryl Nowson of the School Exercise and Nutrition Sciences at 
Deakin University is undertaking a research project to determine the effects of two 
different dietary approaches on bone density and blood pressure. 
High blood pressure (hypertension) is one of the key risk factors for strokes and heart 
disease. This condition is common among middle aged and older persons in Australia. 
Osteoporosis (thinning of the bones) is also a common condition, particularly in 
women who have reached menopause and those with osteoporosis have a greater risk 
of breaking bones. The results of recent studies have shown that diets, which are lower 
in sodium and contain a lots of fruit, vegetables, and low fat dairy products, help to 
reduce blood pressure levels and help reduce bone loss.  The aim of this study is to 
assess if a dietary pattern containing fruits, vegetables, dairy products and meat is more 
effective in reducing blood pressure and increasing bone density than a traditional high 
carbohydrate, low fat diet. 
We would like to invite you to take part in this study where you will be asked to follow a diet 
that is lower in sodium and contains fruit, vegetables, low fat dairy products and red meat or 
follow a low fat, high carbohydrate diet to help us determine if this dietary approach can reduce 
blood pressure and increase bone density.
The project will last 16 weeks. You will be asked to follow your normal diet for 2-4
weeks, and then you will be randomised to follow one of the two diets listed above. 
This study will require your participation for a period of 16 weeks. It will involve you 
in a series of tests conducted at approximately fortnightly intervals throughout the 
study (8 visits in total).  Each visit will take between 30 and 120 minutes. These tests 
will include having your height, weight, and waist, hip and head circumferences 
measured, providing 24-hour sample of urine (on 6 occasions) as well as spot urine 
collections on 6 occasions and completing several questionnaires. The questionnaires 
will ask you to report on your recent food consumption, physical activity, how you 
have been feeling, and to provide some information about yourself (eg your 
occupation, age etc). A questionnaire will be used to determine menopausal status
which will ask you questions about the cessation of your menstrual periods.
We will ask you to take your blood pressure at home every day throughout the study 
on a monitor provided to you. Detailed instructions and demonstrations will be 
provided. 
We also ask you to give a blood sample of 20ml (or 4 teaspoons) on four occasions. You will 
be asked to attend a Dorevitch Pathology centre in the morning.  You will be asked not to eat 
or drink for 10hours prior to the blood collection (except for water). A blood sample will be 
taken from a vein in the arm using a needle.  This procedure may cause bruising, fainting and 
minor discomfort, so an anaesthetic cream will be used to reduce this discomfort, if you wish.  
The blood sample will be analysed for blood lipids (triglycerides, total cholesterol, 
HDL cholesterol), vitamins and minerals, apolipoproteins, leptin and hormones (e.g. 
oestrogen, progesterone, and testosterone) and markers of bone turnover eg 
parathyroid hormone. 
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We will ask to measure the elasticity of your arteries on two occasions.  This involves 
a measurement of blood pressure and measurement with a non-invasive probe (similar 
to a pen) that is placed on the wrist and leg.
We will measure your body composition and bone density in your hip and spine using
Dual energy X-ray absorptiometry on two separate occasions over the 16 week study 
period.  These scans involve radiation exposure of approximately 3.76μSv. This 
amount of radiation is about the same as one day of natural background radiation. All 
people on earth are exposed to background radiation. Background radiation comes 
from the sun, the earth, the air and all around us. The ill effects at very high doses of 
radiation have been well documented, for example increased life threatening cancer 
rates and sometimes death has been reported in populations exposed to nuclear 
explosions or in patients undergoing radiotherapy treatment. However, at tiny or trivial 
doses of radiation, similar to those being received from being a participant in this 
research, the risks are not completely known and have to be estimated using theoretical 
models based on the very high radiation dose data. The acknowledged theoretical 
model suggests that the risk is about 1 in 5 million.  This model is based on a 
conservative approach and the actual risk maybe a lot smaller. 
Compared to other risks in everyday life this risk is considered negligible. For 
example: This theoretical risk is approximately the same to smoking one third of a 
cigarette, travelling 16 km by car, or travelling 160 km by commercial aircraft
We will also ask you to take part in a test to measure your bone quality using a non-
invasive technique called quantitative ultrasound (QUS).  This technique involves 
measuring how rapidly sound waves travel through the heel bone.  The technique is 
painless and requires the application of ultrasound gel to your heel. 
You will be entirely free not to take part in any tests you do not want to complete 
or to refrain from answering any questions you wish.
Qualified health science personnel will conduct all the tests.  Testing times will be 
arranged for a time that is convenient to you and may be conducted at Deakin 
University or some other convenient location.  There will be no costs involved with 
your participation in this study.  You can withdraw from the study at any time, and can 
refuse to participate in any part of the project. 
The names of the subjects who participate in this research will be kept separate from the data 
and will only be associated with the data through a coding system.  All records of the results 
will be stored in a secure place at Deakin University for a minimum of 6 years, to ensure 
confidentiality.  You will receive a report of your results at the completion of all testing.  The 
Meat and Livestock Corporation of Australia is funding this study and summaries of the 
general findings will be sent to the Corporation.
If you have any queries at all, please contact Tracey at Deakin University School of School of 
Exercise and Nutrition Sciences on (03) 9244 6324 or 0425 871 420.
Should you have any concerns about the conduct of this research project, please contact the 
Secretary, Ethics Committee, Research Services, Deakin University, 221 Burwood Highway, 
BURWOOD VIC 3125. Tel (03) 9251 7123 (International +61 3 9251 7123).
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Appendix F: Additional results for Chapter 4 (Intakes)
Table F1a Source of the participants included in the Study one dataset
Table F1b Number of 24 hr urine collections performed during each of the original 
intervention studies
Table F2 The within person variation in urinary measures over two days
Table F3 Association of urinary sodium, potassium and Na:K with BMI category for 
males and females 
Table  F4a Mean sodium intakes split by discretionary salt usage for males and females
Table  F4b Mean sodium intakes split by number of days NAS 
Table  F4c Mean sodium intakes split by number of days NAS for males and females
Table  F5a Univariate correlations with urinary sodium and urinary potassium for males
Table  F5b Univariate correlations with urinary sodium and urinary potassium for females
Fig F1a Correlation of urinary sodium with sodium from the breads and cereals food 
group
Fig F1b Correlation of urinary sodium with sodium from the breads food subgroup
Fig F1c Correlation of urinary potassium with potassium from the vegetables food 
group
Table F6a The proportion of males and females meeting national sodium and potassium 
dietary intake recommendations in different BMI categories
Table F6b The proportion of males and females meeting national sodium and potassium 
dietary intake recommendations in different categories of antihypertensive 
medication use
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Table F1a Source of the participants included in the Study one dataset 
Study
n
(completed the 
intervention)
n
(did not complete 
intervention or did not 
meet inclusion criteria for 
intervention)
TOTAL n
(in pooled dataset)
A
94
(55 males, 39 females)
5
(4 males, 1 female)
99
(59 males, 40 females)
D
95
(95 females)
0
95
(95 females)
194
(59 males and 135 females)
Due to differing study protocols, the number of 24 hr urine collections at baseline was different 
as indicated in Table F1b. In study A, one 24 hr urine collection was performed, in study D, 
two 24 hr urine collections were performed.
Table F1b Number of 24 hr urine collections performed during each of the original 
intervention studies
Study
Urine collections at baseline
A 1
D 2
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A subset of participants (n=88) provided two 24 hr urine samples (mean 15.1 (4.3) (SD) days 
apart).
Table F2 The within person variation in urinary measures over two days (n=88)
Correlation 
between the 
two urine 
samples#
Mean (±sem) values Number  
categorised 
into 
opposite 
tertiles
Sample 1 Sample 2 P value
Urinary Na
(mmol/d)
r=0.699, 
P=0.0001
104.3 ± 4.6 109.4 ± 4.5 0.156 3 (3%)
Urinary K
(mmol/d)
r=0.866, 
P=0.0001
62.0 ± 2.6 65.8 ± 2.6 0.0001 1 (1%)
Urinary 
Na:K
r=0.843, 
P=0.0001
1.80 ± 0.08 1.76 ± 0.07 0.335 3 (3%)
# Pearson’s linear correlation analysis was used to assess the within person variability in two urinary excretions.  
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Appendix F
Fig F1 Food group and food correlations with urinary sodium and potassium
Sodium from cereals and cereal products and cereal based products and dishes was significantly 
correlated with urinary sodium (r=0.267, P=0.001) (Fig F1a). Males consumed more sodium 
from breads and cereals (55 mmol) than females (38 mmol) but this was not different when 
expressed as a percentage of the daily intake (39% vs 38%).  When split by gender the 
correlation remained significant for males only (r=0.264, P=0.043; females r=0.038, P=0.660).
Fig F1a Correlation of urinary sodium with sodium from the breads and cereals food 
group
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Sodium from all breads was not correlated with urinary sodium (r=0.099, P=0.169) (Fig F1b). 
When split by gender the correlation was still not significant for males (r=0.023, P=0.861) or 
females (r=-0.021, P=0.809).
Fig F1b Correlation of urinary sodium with sodium from the breads food subgroup
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Potassium from vegetable products and dishes was significantly correlated with urinary 
potassium (r=0.287, P=0.000) (Fig F1c). When split by gender the correlation remained 
significant for males (r=0.273, P=0.037) and females (r=0.199, P=0.021).
Fig F1c Correlation of urinary potassium with potassium from the vegetables food group
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Table F6a The proportion of males and females meeting national sodium and potassium
dietary intake recommendations in different BMI categories
Males
n=59
Females
n=135
BMI
<25
(n=6)
BMI
25-30
(n=34)
BMI
30+
(n=19)
p
value#
BMI <25
(n=22)
BMI
25-30
(n=47)
BMI 
30+
(n=66)
p
value#
Urinary Na1
< NHMRC AI 
(20-40 mmol/d)
0 0 0 0 0 2 (3%) 0.346
Urinary Na1
< NHMRC SDT 
(70 mmol/d)
0 1 (3%) 0 0.688 5 (23%) 10 (21%) 8 (12%) 0.328
Urinary Na1
< NHMRC UL 
(100 mmol/d)
0 3 (9%) 0 0.313 13 (59%) 28 (60%) 23 (35%) 0.017
Urinary K1
> NHMRC AI
(72 mmol/d F)
(97 mmol/d M)
n/a
2 (33%)
n/a
8 (24%)
n/a
5 (26%)
0.874 4 (18%)
n/a
12 (26%)
n/a
30 (46%)
n/a
0.020
Urinary K1
> NHMRC SDT 
(120 mmol/d)
0 3 (9%) 3(16%) 0.496 2 (9%) 0 1 (2%)
0.050
Values are number (%)
BMI, Body mass index; Na, sodium; NHMRC National Health and Medical Research Council; AI, National Health and 
Medical Research Council Adequate Intake; SDT, National Health and Medical Research Council Suggested Dietary 
Target; UL, National Health and Medical Research Council Upper Level; K, potassium; 
#P value computed by one-way between groups analysis of variance (one-way ANOVA)
1from a single 24 hr urine collection
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Table F6b The proportion of males and females meeting national sodium and potassium
dietary intake recommendations in different categories of antihypertensive 
medication use
Males
(n=59)
Females
(n=135)
On  anti-
HT meds
(n=24)
No anti-HT 
meds
(n=35)
P
value#
On  anti-
HT meds
(n=54)
No anti-HT 
meds
(n=81)
P
value#
Urinary Na1
< NHMRC AI 
(20-40 mmol/d)
0 0 1 (2%) 1 (1%) 1.00
Urinary Na1
< NHMRC SDT 
(70 mmol/d)
0 1 (3%) 1.00 11 (20%) 12 (15%) 0.485
Urinary Na1
< NHMRC UL 
(100 mmol/d)
0 3 (9%) 0.264 20 (37%) 44 (54%) 0.055
Urinary K1
> NHMRC AI
(72 mmol/d F)
(97 mmol/d M)
n/a
6 (25%)
n/a
9 (26%)
1.00 17 (32%)
n/a
29 (36%)
n/a
0.711
Urinary K1
> NHMRC SDT 
(120 mmol/d)
2 (8%) 4 (11%) 1.00 0 3 (4%) 0.275
Values are number (%)
HT, hypertensive; meds, medications; Na, sodium; NHMRC National Health and Medical Research Council; AI,
National Health and Medical Research Council Adequate Intake; SDT, National Health and Medical Research 
Council Suggested Dietary Target; UL, National Health and Medical Research Council Upper Level; K, potassium
#P value computed by Chi-square test
1from a single 24 hr urine collection
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Appendix G: Additional results for Chapter 5 (Sources)
Table G1a Source of the participants included in the Study two dataset 
Table G1b Number of 24 hr dietary recalls performed during each stud
Table G2 The 19 main food groups used in the food group analysis
Table G3 The 13 subgroups within the ‘breads and cereals’ food group
Table G4 The nine subgroups within the vegetable food group
Table G5 The amount of sodium provided by each of the 19 food groups
Table G6 The main subgroup sources of sodium
Table G7 The amount of potassium provided by each of the 19 food groups
Table G8 The main subgroup sources of potassium
Fig G1a Sodium density of each meal/snack time
Fig G1b Potassium density of each meal/snack time
Table G9a The sodium and potassium content of each meal/snack
Table G9b The sodium and potassium content of each meal/snack for males and 
females
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Table G1a Source of the participants included in the Study two dataset 
Study
n
(completed the 
intervention)
n
(did not complete intervention 
or did not meet inclusion 
criteria for intervention)
TOTAL n
(in pooled dataset)
A
94
(55 males, 39 females)
8
(6 males,  3 females)
103
(61 males, 42 females)
B
54
(51 males, 3 females)
0
54
(51 males, 3 females)
C 26
(26 males, 0 females)
3
(3 males, 0 females)
29
(29 males, 0 females)
D
95
(0 males, 95 females)
18
(0 males, 18 females)
113
(113 females)
299
(141 males, 158 females)
Due to differing study protocols, the number of 24 hr dietary recalls collected at baseline 
was different as indicated in Table G1b. In study A, B and D two 24 hr dietary recalls
were collected during baseline and the data were averaged to give an estimate of usual 
intake. In study C, one 24 hr recall was collected.
Table G1b Number of 24 hr dietary recalls performed during each study
Study Number of 24 hr dietary recalls
A 2
B 2
C 1
D 2
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Table G2 The 19 main food groups used in the food group analysis
Food group Examples of included items
Alcoholic beverages 
Breads and cereals (Cereal-based 
products/dishes, & Cereals and cereal 
products)*
Confectionery and health bars Chocolate, choc-coated fruit and nut, muesli bars, 
fudge, lollies
Egg products and dishes Quiches
Fats and oils Butter, margarines, blends
Fish and seafood products/dishes 
Fruit products and dishes 
Legume and pulse products/dishes Kidney beans, chick peas, baked beans, lentils, tofu, 
vegetarian substitutes
Meat, poultry and game products/dishes Bacon, ham, offal, sausages
Milk products and dishes Yoghurt, dip, cream, cheesecake and soy beverages
Miscellaneous Yeast extract spread, stock cubes/powder, curry 
paste, salt
Non-alcoholic beverages Tea, coffee, fruit juice, vegetable juice, cordials, 
electrolyte drinks, mineral waters, soft drinks
Savoury sauces and condiments Stock, gravy, pasta sauces, simmer sauces, 
mayonnaise, chutney, olives, pickle, dressing
Seed and nut products/dishes Peanut butter, coconut milk
Snack foods Potato crisps, corn chips, popcorn
Soup
Special dietary foods Oral supplements and meal replacement bars
Sugar products and dishes Icing, honey, topping, jam, marmalade, nut spread, 
jelly
Vegetable products and dishes Hot potato chips, peas, tomatoes, avocado, mixed 
vegetables, salad
*A new food group titled ‘breads and cereals’ was formed by combining two of the original food 
groups namely ‘cereals and cereal products’ and ‘cereal-based products and dishes’.
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Table G3 The 13 subgroups within the ‘breads and cereals’ food group
Foods Examples of included items
Batter-based products Pancakes, waffles, doughnuts
Breads (Fancy breads, flat 
breads, English-style 
muffins and crumpets, and 
Regular breads, and rolls)
Bagels, pizza base, naan, cheese-topped rolls, Focaccia, 
garlic bread, fruit bread, tortilla
Breakfast cereal, hot 
porridge type 
Breakfast cereals, mixed 
source 
Breakfast cereals, plain, 
single source 
Cakes, buns, muffins, 
scones, cake-type desserts 
Flours and other cereal 
grains and starches 
Mixed dishes where cereal 
is the major ingredient
Pizzas, sandwiches, hamburgers, tacos, lasagne, pasta 
dishes, rice salad, pancakes, doughnuts
Pasta and pasta products 
Pastries 
Rice and rice products 
Savoury biscuits 
Sweet biscuits
* A new food subgroup titled ‘breads’ was formed by combining two of the original food 
subgroups namely ‘Fancy breads, flat breads, English-style muffins and crumpets’ and 
‘Regular breads, and rolls’.
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Table G4 The nine subgroups within the vegetable food group
Foods Examples of included items
Cabbage, cauliflower and similar brassica 
vegetables 
Carrot and similar root vegetables 
Dishes where vegetable is the major 
component 
Leaf and stalk vegetables Asparagus, spinach, celery, lettuce
Other fruiting vegetables Pumpkin, squash, zucchini, cucumber, eggplant
Other vegetables and vegetable 
combinations 
Peas and beans 
Potatoes
potato chips and wedges, mashed potato, potato 
salad
Tomato and tomato products
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Table G5 The amount of sodium provided by each of the 19 food groups
All
(n=299)
Females
(n=158)
Males
(n=141)
mg Na % mg Na % mg Na %
Breads and cereals
1031.7
(606.3)
38.2
(15.4)
839.9***
(476.6)
37.6
(15.8)
1246.7
(663.2)
38.9
(15.1)
Meat, poultry and game 
products and dishes
562.5
(606.9)
18.8
(15.8)
411.2***
(459.8)
16.8*
(14.8)
731.9
(701.6)
21.1
(16.6)
Milk products/dishes
268.8
(178.6)
11.2
(8.0)
263.4
(174.1)
12.8***
(8.7)
274.9
(184.0)
9.4
(6.9)
Savoury sauces and 
condiments
226.3
(336.6)
7.9
(10.4)
173.5
(288.7)
7.3
(10.9)
285.5
(375.5)
8.5
(10.2)
Soup
146.0
(342.0)
5.0
(10.7)
147.8
(322.7)
6.1
(12.4)
144.1
(363.6)
3.9
(8.5)
Vegetable 
products/dishes
116.0
(167.3)
4.8
(7.0)
105.7
(152.0)
5.3
(7.4)
127.5
(182.7)
4.3
(6.5 )
Fish and seafood 
products/dishes
90.8
(230.8)
3.5
(8.5)
91.1
(237.4)
4.1
(9.5)
90.4
(224.1)
2.9
(7.1)
Non-alcoholic beverages
44.9
(80.4)
1.9
(3.3)
38.9
(80.7)
1.9
(3.8)
51.7
(79.8)
1.8
(2.7)
Miscellaneous
56.3
(164.1)
1.9
(5.0)
47.2
(171.3)
1.9
(5.5)
66.5
(155.7)
1.9
(4.5)
Fats and oils
39.9
(60.9)
1.5
(2.0)
32.9*
(40.0)
1.5
(2.1)
47.7
(77.3)
1.4
(1.8)
Legume and pulse 
products/dishes
41.6
(202.0)
1.4
(5.6)
27.0
(108.7)
1.3
(5.2)
58.0
(270.4)
1.5
(5.9)
Egg products/dishes
20.2
(62.2)
0.85
(2.6)
13.2*
(28.0)
0.74
(2.0)
28.2
(86.7)
0.96
(3.1)
Confectionery and 
health bars
18.0
(36.1)
0.68
(2.2)
15.4
(32.5)
0.66
(1.2)
20.9
(39.8)
0.71
(1.4)
Seed and nut 
products/dishes 
17.3
(55.9)
0.67
(2.2)
9.9*
(34.5)
0.50
(2.0)
25.6
(72.1)
0.85
(2.4)
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Table G5 cont.
All
(n=299)
Females
(n=158)
Males
(n=141)
mg Na % mg Na mg Na % mg Na
Snack foods
16.2
(53.7)
0.61
(2.2)
11.9
(41.3)
0.52
(2.0)
21.2
(64.7)
0.71
(2.4)
Alcoholic beverages
15.4
(27.4)
0.55
(1.0)
9.3
(17.0)
0.40**
(0.72)
22.1
(34.4)
0.73
(1.2)
Fruit products and 
dishes
8.9
(16.7)
0.40
(0.7)
10.4
(20.9)
0.51**
(0.91)
7.2
(10.0)
0.27
(0.41)
Sugar products and 
dishes
2.5
(9.3)
0.11
(0.7)
2.3
(10.2)
0.14
(0.96)
2.8
(8.2)
0.08
(0.21)
Special dietary foods
1.6
(14.7)
0.05
(0.4)
0.0
(0.0)
0.0***
(0.0)
3.3
(21.4)
0.11
(0.63)
Total Na (mg/d) 2725.0 (1176.2) 2251.0 (863.1) 3256.1 (1253.7)
Values are mean (SD)
Na, sodium; %, percentage of total daily Na intake
Mean values were different between males and females, **P<0.01, ***P<0.001
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Table G6 The main subgroup sources of sodium
All
(n=299)
Females
(n=158)
Males
(n=141)
mg Na % mg Na % mg Na %
All breads
532.6
(368.1)
20.3
(12.6)
443.9***
(298.2)
20.6
(13.6)
631.9
(412.1)
19.9
(11.5)
Muscle meat
229.5
(370.5)
7.7
(10.8)
164.8**
(269.4)
6.9
(9.9)
302.0
(448.0)
8.5
(11.6)
All mixed meat 
dishes combined†
199.5
(437.5)
6.4
(12.2)
129.7**
(355.0)
5.0*
(11.2)
277.7
(504.4)
8.1
(13.0)
Gravies and 
savoury sauces
185.9
(326.6)
6.3
(10.2)
138.6**
(282.2)
5.7
(10.7)
239.0
(363.8)
7.0
(9.7)
Cheese
122.6
(148.6)
4.8
(6.2)
122.9
(148.4)
5.7**
(7.1)
122.2
(149.3)
3.8
(4.7)
All BF cereals 
combined ††
76.1
(134.2)
3.1
(5.7)
52.0**
(75.9)
2.5*
(3.8)
103.1
(174.6)
3.9
(7.2)
Dry soup mix
11.9
(91.9)
0.6
(4.9)
22.6*
(125.7)
1.1*
(6.6)
0.0
(0.0)
0.0
(0.0)
Values are mean (SD)
Na, sodium; %, percentage of total daily Na intake
Mean values were different between males and females, *P<0.05, **P<0.01, ***P<0.001
† This subgroup includes Mixed dishes where beef or veal is the major component PLUS Mixed 
dishes where poultry or game is the major component PLUS Mixed dishes where lamb or pork, 
bacon, ham is the major component
†† This subgroup includes Breakfast cereals, plain, single source PLUS Breakfast cereals, mixed 
source PLUS Breakfast cereal, hot porridge type
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Table G7 The amount of potassium provided by each of the 19 food groups
All
(n=299)
Females
(n=158)
Males
(n=141)
mg K % mg K % mg K %
Vegetable products 
and dishes
854.3
(617.6)
23.0
(13.7)
783.6*
(553.2)
24.1
(13.8)
933.4
(675.8)
21.8
(13.6)
Breads and cereals†
517.4
(311.9)
15.0
(8.3)
414.5***
(217.5)
13.8**
(7.1)
632.7
(358.6)
16.4
(9.3)
Milk products and 
dishes
514.2
(321.7)
14.7
(8.7)
503.4
(301.6)
16.0**
(8.7)
526.3
(343.5)
13.3
(8.4)
Meat, poultry and 
game products and 
dishes
455.3
(452.7)
12.8
(10.8)
341.1***
(269.9)
11.2*
(9.0)
583.2
(568.6)
14.5
(12.3)
Fruit products and 
dishes
426.6
(360.6)
12.0
(9.2)
420.6
(362.2)
13.1*
(9.6)
433.2
(360.0)
10.8
(8.6)
Non-alcoholic 
beverages
240.2
(212.9)
7.0
(5.8)
222.6
(184.8)
7.3
(5.9)
259.9
(239.6)
6.5
(5.7)
Soup
110.4
(232.4)
3.3
(6.7)
98.5
(196.5)
3.6
(7.3)
123.7
(267.0)
3.0
(6.1)
Fish and seafood 
products and dishes
88.1
(186.8)
2.6
(5.4)
84.0
(160.0)
2.9
(5.8)
92.7
(213.3)
2.25
(5.00)
Seed and nut 
products and dishes 
68.2
(125.4)
1.8
(3.3)
56.1
(108.6)
1.8
(3.4)
81.7
(141.1)
1.9
(3.1)
Alcoholic beverages
62.5
(110.7)
1.7
(2.9)
33.5***
(59.4)
1.0***
(1.9)
95.0
(141.8)
2.4
(3.5)
Confectionery and 
health bars
58.7
(153.5)
1.6
(4.1)
48.0
(106.0)
1.5
(3.5)
70.6
(193.1)
1.7
(4.7)
Savoury sauces and 
condiments
47.1
(102.5)
1.3
(2.7)
32.4**
(83.4)
1.0
(2.7)
63.6
(118.5)
1.6
(2.7)
Legume and pulse 
products and dishes
29.4
(97.7)
0.91
(3.1)
23.8
(73.2)
0.82
(2.6)
35.7
(119.4)
1.0
(3.6)
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Table G7 cont.
All
(n=299)
Females
(n=158)
Males
(n=141)
mg K % mg K % mg K %
Miscellaneous
26.8
(75.1)
0.75
(2.0)
14.6**
(38.1)
0.49*
(1.3)
40.5
(100.2)
1.0
(2.6)
Snack foods
22.9
(87.1)
0.68
(2.6)
16.9
(69.3)
0.61
(2.5)
29.6
(103.4)
0.76
(2.7)
Egg products 
and dishes
14.7
(31.6)
0.49
(1.3)
11.4
(25.5)
0.48
(1.4)
18.4
(37.0)
0.49
(1.1)
Sugar products 
and dishes
6.7
(15.4)
0.19
(0.44)
5.1
(11.3)
0.17
(0.37)
8.5
(18.8)
0.22
(0.51)
Special dietary 
foods
4.8
(46.5)
0.14
(1.5)
0.0
(0.0)
0.0
(0.0)
10.2
(67.4)
0.30
(2.1)
Fats and oils
1.6
(2.3)
0.05
(0.07)
1.1***
(1.4)
0.04*
(0.06)
2.2
(2.9)
0.06
(0.08)
Total K (mg/d) 3549.7 (1098.1) 3111.3 (898.3) 4041.1 (1096.2)
Values are mean (SD)
K, potassium; %, percentage of total daily K intake
Mean values were different between males and females, *P<0.05, **P<0.01, ***P<0.001
†This group includes cereals and cereal products PLUS cereal-based products and dishes
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Table G8 The main subgroup sources of potassium
All
(n=299)
Females
(n=158)
Males
(n=141)
mg K % mg K % mg K %
Potatoes
338.7
(434.3)
8.7
(10.1)
245.9***
(314.3)
7.5*
(9.2)
442.8
(519.7)
9.9
(11.0)
Muscle meat
190.0
(227.2)
5.4
(6.6)
157.9*
(181.6)
5.2
(6.0)
225.8
(265.5)
5.8
(7.2)
All breads
165.8
(114.9)
5.0
(3.7)
142.3***
(90.6)
4.9
(3.3)
192.1
(132.6)
5.2
(4.0)
All mixed meat 
dishes 
COMBINED†
179.0
(410.5)
4.7
(9.2)
98.0***
(204.1)
3.3**
(6.7)
269.8
(544.2)
6.4
(11.2)
Tropical fruit 
158.0
(190.8)
4.4
(5.5)
136.9*
(173.4)
4.4
(5.8)
181.5
(206.7)
4.4
(5.1)
All BF cereals 
combined††
138.1
(193.2)
3.7
(4.9)
114.7*
(143.9)
3.5
(4.4)
164.3
(234.3)
3.9
(5.4)
Values are mean (SD)
K, potassium; %, percentage of total daily K intake
Mean values were different between males and females, *P<0.05, **P<0.01, ***P<0.001
† This subgroup includes Mixed dishes where beef or veal is the major component PLUS Mixed 
dishes where poultry or game is the major component PLUS Mixed dishes where lamb or pork, 
bacon, ham is the major component
††This subgroup includes Breakfast cereals, plain, single source PLUS Breakfast cereals, mixed 
source PLUS Breakfast cereal, hot porridge type
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Fig G1a Sodium density of each meal/snack time
Fig G1b Potassium density of each meal/snack time
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Table G9a The sodium and potassium content of each meal/snack in mmol
All
(n=299)
Na
(mmol)
K
(mmol)
Total 118.5 (51.1) 91.0 (28.2)
Breakfast 19.0 (17.2) 17.4 (11.2)
Morning tea 3.9 (9.6) 4.1 (6.0)
Lunch 39.8 (26.5) 21.3 (13.6)
Afternoon tea 5.8 (9.9) 5.7 (6.8)
Dinner 47.1 (34.5) 38.8 (18.4)
Supper 2.9 (6.5) 3.7 (6.5)
All snacks combined 12.6 (16.0) 13.5 (11.2)
All main meals combined 105.9 (49.0) 77.5 (26.6)
Table G9b The sodium and potassium content of each meal/snack for males and females
Males
(n=141)
Females
(n=135)
Na
(mmol)
K
(mmol)
Na
(mmol)
K
(mmol)
Total 141.6 (54.5) 103.6 (28.1) 97.8 (37.5)*** 79.8 (23.0)***
Breakfast 23.4 (21.5) 20.1 (13.3) 15.0 (10.7)*** 15.0 (8.5)***
Morning tea 5.0 (12.2) 4.7 (6.8) 2.8 (6.2) * 3.5 (5.1)
Lunch 47.2 (29.4) 25.2 (15.8) 33.2 (21.6)*** 17.8 (10.1)***
Afternoon tea 6.3 (10.4) 5.9 (7.5) 5.4 (9.4) 5.6 (6.1)
Dinner 56.7 (41.0) 44.1 (20.5) 38.6 (24.5)*** 34.1 (15.0)***
Supper 2.9 (5.6) 3.7 (6.6) 2.9 (7.2) 3.7 (6.4)
All snacks combined 14.3 (17.9) 14.2 (12.1) 11.1 (13.9) 12.8 (10.4)
All main meals 
combined
127.3 (52.7) 89.3 (27.7) 86.8 (36.1)*** 66.9 (20.4)***
Significant difference between males and females, *P<0.05, ***P<0.001 (independent samples t-test) 
250
Appendix H
Appendix H: Additional results for Chapter 6 (Patterns)
Table H1 Data included in the Study three dataset 
Table H2 Factor loading matrix for the three dietary patterns identified
Table H3 Regression analysis of dietary pattern scores and office blood pressure
Table H4 Regression analysis of office blood pressure in association with dietary 
intake and urinary excretion of sodium and potassium
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Table H1 Data included in the Study three dataset 
Study
n
(completed the 
intervention)
n
(did not complete 
intervention or did not 
meet inclusion criteria 
for intervention)
TOTAL
(in pooled dataset)
A
94
(55 males, 39 females)
8
(6 males,  2 females)
102
(61 males, 41 females)
B
54
(51 males, 3 females)
0
54
(51 males, 3 females)
D
95
(95 females)
0
95
(95 females)
251
(112 males, 139 females)
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Table H2 Factor loading matrix for the three dietary patterns identified
Food group
Traditional Australian 
Diet
(Dietary Pattern 1)
Convenience Diet
(Dietary Pattern 2)
Modern Diet
(Dietary Pattern 3)
Tea and coffee -0.40
Vegetable juices -0.33
Fruit juices 0.28
Fruit drinks, cordial & 
soft drinks
0.65
Mineral & Electrolyte  
drinks
Bread – low fibre 
(white)
0.50 -0.21
Bread - high fibre -0.48
Breakfast cereals 0.62
Breakfast cereals – low 
sodium 
-0.23
Cereals and legumes 0.49
Pasta & rice dishes 0.32
Mixed cereal dishes 0.26
Take-away 0.44
Fats and oils 0.35
Fish & seafood
Canned fish & fish 
dishes
-0.33
Fruit 0.23
Meats, poultry and egg 0.43 -0.31
Processed meat 0.53
Meat, egg & poultry 
dishes
0.47
Milk & yoghurt – high 
fat (>1%)
0.51
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Table H2 cont.
Food group
Traditional Australian 
Diet
(Dietary Pattern 1)
Convenience Diet
(Dietary Pattern 2)
Modern Diet
(Dietary Pattern 3)
Soy milk & 
flavoured milk
0.25
Milk & yoghurt–
low fat (<1%)
-0.30
Cheese 0.22 0.36
Soup
Seeds & nuts 0.25
Sauces and 
dressings
0.41
Fried potatoes 0.48 -0.25
Vegetables -0.43
Vegetable dishes 0.20 -0.24
Snacks -0.36
Cakes & Sweets
Alcoholic beverages 0.45
Vegemite -0.24
Variance Explained 
(%)
7.2 5.7 5.3
Absolute values <0.2 are not shown
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Table H3 Regression analysis of dietary pattern scores and office blood pressure
Office SBP Office DBP
E 95% CI P-value E 95% CI P-value
Traditional 
Australian 
Diet
Model 1 0.30 (1.89, 2.48) 0.790 0.14 (1.42, 1.71) 0.859
Model 2 0.34 (1.93, 2.62) 0.767 0.19 (1.42, 1.81) 0.813
Model 3 0.48 (1.99, 2.95) 0.703 0.54 (1.21, 2.28) 0.546
Model 4 0.57 (1.96, 3.11) 0.656 0.58 (1.21, 2.37) 0.524
Convenience 
Diet
Model 1 0.28 (1.71, 2.28) 0.781 0.65 (2.08, 0.77) 0.368
Model 2 0.38 (1.64, 2.41) 0.710 0.70 (2.13, 0.74) 0.339
Model 3 0.40 (1.64, 2.45) 0.698 0.64 (2.09, 0.80) 0.381
Model 4 0.42 (1.63, 2.47) 0.686 0.64 (2.09, 0.81) 0.384
Modern Diet
Model 1 0.29 (1.61, 2.18) 0.767 0.10 (1.25, 1.45) 0.883
Model 2 0.12 (1.81, 2.05) 0.902 0.02 (1.38, 1.35) 0.980
Model 3 0.14 (1.81, 2.10) 0.884 0.07 (1.31, 1.45) 0.921
Model 4 0.11 (1.87, 2.09) 0.914 0.06 (1.34, 1.46) 0.932
Model 1 = Adjusted for age, gender and BMI
Model 2 = Model 1 + anti-hypertensive medication use, smoking status, physical activity, education
Model 3 = Model 2 + energy intake
Model 4 = Model 3 + alcohol
Abbreviations: SBP, systolic blood pressure. DBP, diastolic blood pressure
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